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PRELIMINARY REPORT ON THE GEOLOGY AND MARINE ENVIRONMENTS OF 


ONOTOA ATOLL, GILBERT ISLANDS 1/ 


By Preston E. Cloud, Jr. 2/ 
1/ Publication authorized by the Director, U. S. Geological Survey. 


2/ Geologist, U. S. Geological Survey. 


ABSTRACT 

eition is a "dry" atoll just south of the equator and west of the inter- 
national date line. Its yearly rainfall averages only about 40 inches, 
droughts occur periodically, and ground cover vegetation is sparse. Island 
deposits are almost exclusively unconsolidated calcium carbonate gravel and 
sand, the gravel mainly toward the sea and the sand mainly lagoonward. With- 
in this eoeeable material and the permeabie reei-rock beneath, ground water 
floats in hydrostatic balance ain sea water below. Toward the center of 
islands more than about 1000 feet wide this water is generally potable. In 
narrower parts of islands, however, it becomes brackish at times of drought, 
resulting in the death of breadfruit, taro, and even coconut trees. Soils 
Ue saipey the calcium carbonate sediments, with a humus layer not exceeding 
about 10 inches and an average pH of about 8.1. 

The shape of the Lagoon bottom is Be ted cron echo sounding and direct 
observation. It comprises three shallow basins (maximum depth 8 fathoms) 
that are separated from one another and from the sea beyond by still shallower 
water, the whole with numerous small eaten reefs that rise to or near the 


surface. The near-surface framewrk of the Onotoa reefs consists primaril 
P 


of the biue sare gata Heliopora, a genus that is not extensively develoned 
there among now living corals. Fish are shown to be important in the produc-— 
tion of lagoonal sediments. 

The sediments, soiis, and surface waters of the island areas of Onotca, 
and the ecolcgic zones and cepcsits of its shallow marine waters, are here 
provisionally described and classified. Preliminary identifications of coral 
collections indicate them to include about 26 genera and 50 to 60 species. 

Limited observationg on the chemistry and movenent of some of the shallow 
marine waters show a diurnal “eeaee in pH and an out-flowing gravity current 
across the windward reed fiat and upper benched reer slope. During the day 
pH rises and precipitation of CaC03 probably occurs in very shal ew ee 
At nant pH falis, favoring soiution of Cal03 in intertidal environments. 
Dominance of solution effects in the shore zone is believed to ron fram 
constant flushing of precipitated Apoaueeenn The out—flowing eravity cheeens 
is believed an important factor in origin of offshore grooves and cones ener 
neis, through abrasion by debris in transit eeanard at times of bench | 
trimeation. : | 

it is argued that Maude sewosts shdiner isiadeae and \ino-precipitating 
pbeue are important in formation of Teg eds, ped sumably both wrouy bonding 
of successive guntacs layers and through interstitial precipitation of avo. 

Atoll islands are built on sufficiently wide reef foundations at: or near ; 
the surface of the sea at a distance from the reef front determined by local 
force of storm waves and to a iced eermninea by time and supply of sediment. 
First a gravel ridge or rennane Du eeeneed by storm waves on the reef flat. 


On the lagoon side of this gravel rampart the sandy portions of the islands 


grow by longshore drift of reef flat debris and by wind action. Erosion 
“occurs mainly at times of storm by breaching or complete removal of islands. 
Onotoa provides additional evidence in support of the now well-documented 
6-foot eustatic fall of sea level that began probably more than 4000 and less 
than 7000 years ago. The evidence consists of elevated Heliopora flats and 
elevated cobble stripes such as are known to form only on the reef flat. The 
superficial appearance of modern reef surfaces in the tropical belt is at- 
tributed primarily to whether they were within 6feet of sea level when this 


recession began. 


INTRODUCTION 


This report presents some of the preliminary results of an integrated 
program of field studies on the terrestrial and marine botany and zoology, 
geology, and anthropology of Onutoa’(G no! to ane a “dry" atoll in the gouthern 
Gilbert Islands (the Kingsmill Group of early records). These studies were 
made by a field team of the Pacific Science Board during late June, July, and 
ihenee G2 195i. 

Tae Gilbert Islands (fig. 1) straddle the equator just west of the inter-— 
national date line, and the position of the anchorage at the west side and ‘ 
toward the north end of OQnotoa wes determined by Ins. Lee Nekrt of USCGS 
"Nettle" as 1947'33" S., 175°29'30" E. (U. S. Hydrographic Office, 1950, p. 51, 
states "northwestern end in 1°46' S., 175°30' S."). Onotoa is the most 
southerly atoll of the group, though tvo "reef islands" (Tamana and Arorae) 
lie still farther south. 

Operations were carried out from a temporary bese camp adjacent to the 
Government “tation on the more northerly of the two main islands of Onotoe | 
(fig. 2). Materials and equipment for camp and technical operations were 
assembled at Kwajalein end ieenanerted to Onotoa by the U. S. Coast Guard 
Cutter "Nettle," under command of Lt. M. E. Katona. 

Ali botanical names used in this report were supplied by Dr. E. T. Moul 
and represent either his provisional field identifications or my extensions 
of them. All titrations for salinity factors were made and computed in the 
field by Mr. D. E. Strasburg, my assistant in the geologic field studies. 
Preliminary identifications of corals were provided by Dr. J. W. Wells, of 
arthropods by Dr. F, A. Chace, and of mollusks by Dr. H. A. Rehder and Mr. 


R. T. Abbott. 


GENERAL SETTING AND CLIMATE 


The general setting of Onotoa with reference to currents, winds, and 
geography is shown in figure 1. This atoll lies between the west-—flowing south 
equatorial current and the east-flowing equatorial countercurrent. A local 
north-flowing current is suggested by the fact that during our stay there a 
marked swell from the south produced strong surf on exposed lee reefs that 
face the south (fig. 2). At the same time surf was weak along the stretch of 
lee reef north from the anchorage around the north end of the atoll to the 
large northern island (fig. 2). 

According to the map on which figure 1 was based, Onotoa lies at about 
the northern iimit of the southeast trade winds.. During late June, July, 
and August of 1951 the wind blew almost steadily from a little south of east 
to nearly due east, with the nae of recurrent winds from the west on 
June 24 and 25 and of occasional squalls from the southeast to south-southeast. 
On one occasicn winds: of gale or near-gale velocity blew intermittently from 
the east and southeast for the better part of a day. The British Colonial 
Office (1950, p. 39) has reported that "For most of the year there is a steady 
easterly trade wind, but from October to March...occasional west and northwest 
gales occur. The wind in these gales does not reach hurricane force." An 
exception to the rule is found in the record of a hurricane at Butaritari in 
the northern Gilberts, variously dated as December 1927 and January 1928 
(Sachet, in Pac. Sci. Bd ., 1951, pp. 8-9). 

The climate of Onotoa is warm and even. For the Colony as a whole, the 
British Colonial Office (1950, p. 39) reports a temperature range of 80° to 


90° by day, with a minimum of 70° at night. Our party maintained no systematic 
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records of air temperature, but I Gos ee Ve a mi need high of 87° to 90° F. 
betreen noon and 3 p.m. on evaral occasions in one and August, and on one 
occasion the midday ‘temperature stood at a low of 76° F: following a period 
of gale and néar-gale velocity winds. At night the temperature fell into the 
70's, to as low as 72° between midnight and 5 a.m. 

A summary of rainfall deta for the Colony as awhodleis given by the British 
Colonial Office (1950, p. 39) as follows: 

"Rainfall varies cousiderabl, not only between the islands, but also 

from year to year. In an average year the annual rainfall ranges 

from 40 inches in the vicinity of the equator to 100 inches in thé ex ~ 

treme northern Gilberts, with something around i20 inches in the j 

Hilice Islands. In the Phoenix Islands between 40 and 60 inches is a 

good year's figure, while the Line Islands' rainfail varies from 30 

odd inches at Christmas Island to.150 or more at Washington Island. 

Ocean Island, the central and southern Gilberts, the Phoenix Islands 

and Christmas Isiend are ‘subject to severe droughts lasting many § ’ 

months, when the annual rainfell may fall to less than 20 inches. 

These droughts are said to have a rough cycle of about seven years: © 


In normal years the wettest months are December to February and the 
driest from August to October." 


About 40 inches may te taken as a round figure for the average annual 
rainfall of Onotoa. Rainfall récords locally available were kept at the 
Government Station on the northerm main island by Gilbertese technicians for 
1938 and from January 1944 through August 1951 (table 1). These show an 
average of 44.2 inches pér year. Tne yearly average for the period 1924 to ~ 
1930 was 38 inches, according to E. H. Bryan, Jr. (Pac. Sci. Bd., 1951, p: 2). 
Available records from 1924 through 1934 led Miss Sachet (Pac. Sci. Bds, 1951, 
p- 16) to an annual estimate of 34.42 inches. The records of table 1 show 
1946 as the wettest year, with 85.1 inches, and 1950 as the driest, with only 


6.6 inches. 

January.averages the wettest momth, with:8.6/inches, and October the™ 
driest, with 1.3 inches. The wettest month on record was January 1949, with 
25.4 inenes, and zero rainfall has been recorded for every month in the year 
except July, August, September, and November. In 1950 no rain at all was re- 


corded from January 1 through June. 
TAL 


ee 


. MARSHALL 


oA ISLANDS 
Kwajalein: , : 
Mdju roe: Arno 


Equatorial 
Counter Current | 
ee el 


ISLA 


BREICEt 
ISLANDS 


"| Tabiteuea’. |: 
Tamanc* .2notoa 


. Butaritari (Makin) Northern <— 


= elle siiy ‘Tarawa |" 


Southern _— 


PHOENIX 
ISLANDS 


ou 
Limit f= man 


e f 
imitenO 


Canton. . 


e winds 
reget ola Palmyra 


Northeast Trade Winds) *— —_=§- —— |. 
—— —— 


Hawaii 


pee OE 


Christmas ls. 


0? 


G 
y 
S. 
D 


he | NEW 


: HEBRIDES @& 


iN ~ 
Caledonia: : 


' -1SLANDS 


FIGURE I. INDEX MAP, SHOWING LOCATION OF ONOTOA 
(From National Geographic Society, map of “Pacific Ocean", Sept. 1943.) 
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In terms of the many characteristically "wet" atolls of the Pacific, 
where yearly reinfail commonly averages 100 inches or more, Onotoa is truly 
a "dry" atoll. This, of course, is immediately evident from its sparse grownd- 
cover vegetation. Its climate over a period of years shaws no clear division 
into rainy season and dry season--merely a slight tendency to be drier during 
September through November and less dry during December, January, and June. 
This, in turn, suggests only a slight correiation of relative dryness with 
the season of prevailing easterly trade winds (about late June through Novem- 
ber) and of relative "wetness" with the season of more variable winds (about 
December through early June). ven in the Gilberts Onotoa is relatively dry 
as compared with an atoll like Tarawa (table 2), which averaged 73.5 inches 
of rainfall per year from 1947 throvgh 1950. 

Statistics for the seeds year 1950 at Onotoa and Tarawa are given in 
tables 1 and 2. At such times the rainfall is insufficient to maintain a 
fresh-water head, permitting invasion of salt or brackish water through the 
pervious island sediments and rock foundation. The ground water in the nar- 
rower parts of the islands is soon contaminated, with resultant death of 
breadfruit and eventual death even of coconut trees. Taro too may be ad- 
versely affected, although it is ordinarily planted fer enough inland to escape 
the worst effects, and at least one variety found on Onotoa survives in slight- 
ly brackish water. To judge from field observations, the only reasonably safe 
answer to the loss of plant products by drought is to avoid planting bread- 
fruit, coconut,or taro on parts of islands less than 800 feet wide (or, better, 
1000 feet wide) and to plant breadfruit not nearer than about 200 feet from 
standing salt water in any direction. 

The effects of drought on ordinary water supply are judged to be less 


serious than on vegetation. The fluid drunk in largest volume by natives is 


Ww 


green coconut milk, which is self purified. Water for cooking and incidental 
drinking can be slightly brackish without deleterious effects, end the fresh- 
water lens of a permeable island area + mile or more wide should ‘survive the 
moderate draft of an endemic island population even during drought periods, 


especially if washing water is dram from sources alreedy gone brackish. 


‘4 
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PLACE NAMES 


The importance that one attaches. to the name of a place depends on his 
perspective. The Gilbertese, living in his atoll universe and dependent on 
the sea for a living, attaches great significance to the passes in the reef 
through which he can safely sail his outrigger canoe, to the reefs on which 
he might wreck it, and to the parcels of ground on which he and his neighbors 
live and over which they quarrel. He is not interested in names for a whole 
island or islet, except as it happens that the smaller islets are commonly 
Single parcels of real estate. He does not go to the north day aoe end of 
some named island or islet, he goes to some particular named property or to 
the home of some fellow Onotoan at the village of Temao (TS_-m¥-3) or Tekawa 
(Te-Ki“na) . 

.On figure 2 only a few of the more important place names are given. The 
names of the seven villages are capitalized. Several islets that coincide 
with property. divisions are indicated by the names of those property divi- 
Sions in lower case lettering. The few reef names used are indicated by the 
Gilbertese word for reef, rakai (ra-ki); except for Aon te Baba (ain t&_ba-ba). 
and Aon te Rabata (ra-bi“ta), to the north and south, respectively of the main 
passage. fon means on, and te is the definite article, the two together being 
used in a sort of vernacular sense in combination with the designating name, 
as we speak of "Smith's place" or "at Joe Webbs" in English. With continued | 
usage such designations take on a sort of formality, and even come to be 
run together as a single word (like Pittsburg, Beekmantowm, Yorkshire, and 
Aonteuna “Obs hone) 

There is nothing to call the two main islands of Onotoa except the north 


island and the south island unless names are concocted, and nothing would be 
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gained by this - the Gilbertese would be bewildered, and Onotoa is already a 
small enough named subdivision in world geography. The headquarters of the 
Colonial administrative office on Onotoa is at a place called Buraitan 
(pen) However, as frequent reference is made to this place and our 
campsite at its south edge, and as the land areas on the larger islands are 
not named, it seems easier for the reader to call this place Government Sta- 
tion. For the same reason it seems better that the anchorage be called 
just that, rather than Komotu (literally anchorage, in Gilbertese). 

The authenticity of the names used, as well as the dozens of others not 
shown of the preliminary map, was checked in the field at every opportunity 
and finally reviewed on the last day of our sojourn by a group of six "old 
men" or Unimani (community elders respected for their knowledge) representing 
five of the seven villages. Because of the close village life and regular 
habits and travels of the people a man from one part of Onotoa may be quite © 
unfamiliar with names for natural features of other parts of the atoll (the 
reefs and passes especially), but the concordant judgement of the committee 
of six would certainly be accepted as final by most Onotoans. 

Pronunciation is another problem. To reduce it to its simplest im- 
mediately pertinent and practical terms keep in mind that the sound indicated 
by b is almost that of the letter p, the combination ma sounds like mwa with 
an almost imperceptible w, the terminal ti is pronounced like an s, and other 
terminal i's are silent. Rules for syllabification and emphasis are more com- 
plicated, but pronunciation is indicated for important words upon their first 


use in this report. 
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GENERAL FEATURES OF THE LAGOON 


Reference to figure 2 will show the general shape of the Onotoa lagoon 
bottom as contoured from 21 echo sounding traverses, a few spot soundings, 
and >a details visible on air photographs. This chart may not be re- 
lied upon in detail for navigation, however. In general, the underwater 
contour lines refer only to the general depth of bottom between patch reefs. 
Although a few large patch reefs are individually contoured, no indication 
is given of the positions of the numerous small reefs that reach to or near 
the surface over a large part of the lagoon. 

Unless one has learned some particular channel or is completely familiar 
with the lagoon, he should not attempt to negotiate its waters in any kind of 
boat (including canoes) without keeping a very sharp lookout for reefs and 
shoals, and he should avoid travel on the lagoon at night. For ordinary ships' 
boats the only reasonably clear shore approaches are within the segment defined 
by lines of fathometer traverses A and 8 to the jetty at Government Station ) 
and about along or a little south of the line of traverse G to the Heneaba 
(iwa“6-4ba) at Aiaki (1%). A course along traverse G would need to evade 
linear patch reefs between 4000 and 5000 feet offshore, and there is no : 
anchorage for ships off the outer reef here. There are no navigation lights 
or buoys enywhere, and. the only good sighting points are the ends of islands, 
the white stone monument on Aonteuma, and the churches and large community 
meeting houses, or Maneabas, show on figure 2. 

The only suitable anchorage for larger vessels at Onotoa is on the Vee 
ward shelf outside the gap in the outer reef opposite a Seetesas 
This is a mell-protected anchorage except at the rare times of westerly ane. 


It has a good holding bottom and adequate swinging room. It is reported 
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(U. S. Hydrographic Office, 1940) that small ships may anchor near "Taburari" 
(Tab-ti-ar’6r-i) at the south end of the island. However, the only possible 
anchorage at this place is a very narrow shelf right against the reef and 


generally swept by a rolling swell from the south--an undesirable anchorage 


except at times of dead calm. ‘To my knowledge, no vessel of any size has 
ever entered the Onotoa lagoon. It would be possible, however, by careful 
manipulation, to work a vessel of less than 9-foot draft into the lagoon and 
anchor it there, and it might be worth doing if one were to be there beyond 
a few days. It would also be possible to clear channel and enchorage in the 
lagoon for regular use by vessels up to 9-foot draft. 

The intended reference datum for the depth contours in figure 2 is mean 
low low tide. This datum can be only rovghly approximated, as the U. 5S. Coast 
and Geodetic Survey "Tide Tables" for 1951 give no correction factors for 


Onotoa tides. They do give records for several other Gilbert atolls, and I 


have arbitrarily assumed the same corrections as for Nonouti (nd-nuch) , with 
Kwajalein as reference point. This gives 6.2 feet as the spring range of tide | 
and 4.4 feet as the mean range of tide. No effort was made to make a precise 
check on these data, but the assumed ranges and times seemed about right in 
the field, with considerable local lag in enclosed tide flats and tidal inlets. 
Depth traverses were made with Navy Model NK-7 portable echo sounding 
equipment, which consists of a magnetostrictively actuated transmitter- 
receiver unit in an outboard wooden fish and a recorder unit that produces 
a continuous graphic record on a strip of sensitized chart paper. This fath- 
ometer was carried in a 20-foot flat-bottomed dinghy driven by a 7-horsepower 
outboard motor. It was operated by two parallel-connected 6-volt automobile 
batteries which proved of inadequate capacity to maintain the sensitivity 


required to operate at depths below 200 feet for more than very short periods. 
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A clear record was produced, hogeven, fron denen: of 200 fees on the outer 
reef slope into very shoal waters, and, after approximate correction for tide 
conditions and depth below surface of the transmitter-receiver fish, this 
record was accepted as the basis for contouring the bottom of the lagoon and 
upper reef slopes. 

Figure 2 shows that the ldgoon is very shallow, its maximum depth of 8 
fathoms being based on two hand-lead soundings at and near locality C-55. 
The general bottom soo eeceniy ((gsze nae Hae numerous small patch reefs) con- 
Sists of three shallow basins. The south basin is the largest and deepest, 
generaliy deeper than 6 fathoms in its central part and attaining a maximum 
of 8 fathoms. The central ané north basins connect and might be thought of 
as a single long narrow basin generally exceeding 3 fathoms in depth and 
attenuated in the middle. The central basin proper exceeds 4 fathoms over a 
fairly large area and 5 fathoms locally. The north basin has only a small 
area that is deeper than 4 fathoms. . All three basins are separated from one 
another and from the outer deeps by snelves of 2- to 3-fathom depth. In the 
passes through the. outer reef the depth nowhere much exceeds 2 fathoms. Be- 
tween the many patch reefs the lagoon bottom is everywhere floored with 


calcium carbonate sand, silt, or gravel. 
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PRINCIPAL ECOLOGIC AND SEDIMENTARY SUBDIVISIONS 


Systematic studies of the plants and animals, snd chemical and mechanical 
analyses of the sediments and rocks of Onotoa are still in progress. Until 
these are completed it seems preferable here merely to mention some of the 
more general or interesting facts and inferences about the principal habitats 
and deposits of this atoll. As a possible aid to those engaged in comparative 
studies of atolls, brief descriptions of ecologic and sedimentary units as 


recognized in the field are given in Appendix B. 


Islands 

The land area of Onctoa i¢ given by Lecnard Mason (In Freeman et al., 
1951, p. 27/4.) as 5.2 square miles and the lagoon area as 21 sauare miles. 

The land surface is mostly unconsolidated sand and gravel (fig. 2). Solid 
rock is rare. The sand, gravel, and rock are entirely of calcium carbonate 
(except for the generally small magnesium content of some algae and shells), 

a little hunus, man-carried debris, and minor amounts of siliceous pumice that 
has been washed up from distant volcanic eruptions. As they are thus all 
linesands, limegravels, and limestones, the prefix "lime" (used by geologists 
to signify CaCO 3) should be ee apt mobs where not actually used in the follow 
ing pages. 

If Onotoa were part of an extensive land area, probably no geologist 
would make finer distinction of its sediments than that between sand and gra- 
vel. Because its land area is small, however, and because cetails of sediment 
distribution may be helpful in understanding processes, effort was made to 
distinguish, and in a general way to map as many different kinds of sediments 
as could be recognized. For soil classification and vegetation relationships 


it seems also likely that only a few main types of soils should be recognized: 


(1) loose limesands with a well-marked humus layer; (2) loose limesands with- 
out a humus layer (younger dune sands); (3) tight-packed, low-lying, cenerally 
damp and brackish limesilts and very fine-grained limesands; (4) indurated, 
phosphatized (7) limesands (old dunes); (5) coarse gravels; and (6) pebble 
gravels. The properties of the finer pebble gravels at places approach those 
of the loose limesands, and impinging units ordinarily show gradational re- 
lationships. 

Soil profiles were run at five localities on loose limesands, at a 
sixth locality on pebble graveis, and at a seventh on limesilts; and depth 
of humvs was observed at many localities. Tests with a standard Truogg soil 
testing kit gave a pH of 8.1 for the surface layer of all profiles except 
that on the damp limesilt, ard this had a pH of 8.0. There seemed a slight 
tendency for pH to increase a little with depth, to as high as 8.3 well below 
the thin soil layer in fresh parent limesands, but no reading above pH 8.3 
was made at any depth. It is difficult, however, to be sure of Truogg index 
colers as closely as the foregoing suggests, and the dizference between 8.0 
and 8.3 might be imaginary. Maximum recorded thickness of a well-defined 
humus layer was 10 inches, but 5 to 8 inches was commoner. At most places 
in the limesands a zone of slight organic staining extended another 10 to 
19 inches beyond the humus layer. Roots were common to depths of 2 to 3 
feet and have been encountered at faute as great as 4 feet below the ground 
surface in freshly dug pits. | 

As will be brought out by the botanist's report, vegetation zones show 


a general relation to soil types, especially in certain elements of the 
ground cover. However, an overriding effect is exercised on vegetative pat-— 
terns by exposure to wind and salt spray, by the nature of the ground water 
(related to width of land, distance from sea or lagcon, and height of land), 
and by artificial factors. 
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Intertidal environments except reefs 

Under intertidal environments are included heach areas, flats that are 
mainly intertidal, and bars. Keefs, and areas that range from intertidal to 
lagoonal are considered elsewhere. 

The biota of the beaches, tice flats, and bars is generally distinctive. 
- Sand beaches support: little in the way of a megafauna——only ghost crabs 
(OQceynode sp.) and, at some localities on the lagoon side (e.g. C-38), closely 
packed awe of a smell edible pelecypod (Atactcdea sp.) an inch or two be- 
low the surface of the sand in the mid-tide zone. On rocky beaches, on both 
seaward amd lagoonward sides, a neritid snail ciose to Nerita plicata Linne 
is commonly very abuncant, end a high-spired littorinid probably referable 
to a species of Melaraphe is locally abundant. On rocky and gravelly seaward 
beaches the common tropical Pacific scavenging crab Grapsus grapsus (Linné) 
is abundant. Sand bars are very nearly devoid of a megafauna, but burrowing 
sipunculids may be found. The intertidal flats display a wide biotal varia- 
tion that will not be discussed here, but some elements of which are noted in 


Appendix B. 


Outer reef 

An atoll consists of a ring-shaped outer reef and a central depression 
or lagoon. In plan view the outer reef is generally irregular in outline 
and is interrupted and divided into segments by passes. In modernseas is-— 
lands are commonly located on the reef platform. The lagoon ordinarily 
contains small patch reefs of a variety of shapes, and, in some places, sub- 
marine songuise lie beyond the crest of the cuter reef. By definition the 
lagoon of an atoll can contain no pre-existing land, tut this would not ex- 


clude islands that might be founded on patch reefs. The ring-shaped outer 
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reef is the essential and most conspicuous feature of .an atoll and the sub- 
ject of the immediate discussion. Patch reefs will be considered under 2 
following section on environments of the lagoon and leeward shelf, 

A conspicuous feature of the outer reef, especially in the Gilbert Is- 
lauds, is the difference between windward and leeward sides. With the ex- 
ception of Butaritari (or Mckin, Mu gin) and Marakei, the atolls of the 

Gilberts show continuous wave~breaking reef and almost continuous land on 
their mandward (east) sides. Their leeward {west} sides are Cheseetened by 
irreguiar outer reefs sya or a elena. All passes into their central 
lagoons are to leeward. The windward reef flat of Onotoa (also observed 
oe of Tarawa and Bivaritari) is generally exposed at low tide end is 
veneered with algae. The leeward reefs are commonly submerged for a few Feet 
over most Deis area, ever at low tide. At many places they show relatively 
vigorous coral growth--locally even continuous roHoane of closely packed 
living coral. A festive oa pore Gilbert Island atolls, established for Gnotoa 
but also noted at observed parts of Tarawa and Butaritari, is that at least 
the upper part of the reef freme was built primarily by the blue coral 

Heliopora, an alcyonarian, and not a typical stony.coral or scleractinian 
(see also Finckh, 1904, v..136). That-this may be commonly or even generally 


true for the’ Gilbert anc Ellice Island groups is further suggested by the 


observatioris of David and Sweet (1904, pp. 66-70) at Funafuti. Here Hetiopora 
was the frame builder to a depth of 40 feet below high tide in the main bore 
and occurred in the cores to depths of at least 100 feet. | 

The ecologic niches of the: outer reef may be grouped into those of 
the reef slope, the reef front (with coralline ridge and surge channels), 


and the reef flat, the greatest variation being in the reef flat environment. 


The relationships of the most persistent recognizable units are show on 
figure 3 (profiles 2 and 5)--these being the green alga zone, the red alga 
zone (including back ridge trough), the coralline ridge, and the benched 


reef slope of the windward reef. 


Intertidal i lagconal environments 

At Onotoa, flats and shoals with extensive growth of the marine grass 
Thalassia, as well es generally barren rocky flats and shoals, overlap widely 
from the intertidal to the lagoonal ervironuent and are thus separated from 
toth. Coval veneered rocky shoal bottom is strictly of the shoal lagoon, 
but it is so closely related to adjacent sparsely coralliferous rocky fiats 
and shoals that it is included with the intertidal to lagoonal environments 
as a matter of convenience. It is also ccnvenient to include under this 
heading certain enclosed inlets which, although permanently inundated and 
similar to the lagoonal units, are separated from the lagoon proper by ex- 


tensive tide flats. 


Environments of the lagoon and leeward shelf 

The area here referred i as the leeward shelf is that which extends | 
north and south from the anchorage, beyond the main passage between lagoon 
and anchorage (see figure 2). Ecologic zones and deposits of the lagoon and 
leeward shelf may be roughly delimited according to variations in areal im- 
portance of patch reefs or veneering coral growth as cotitrasted with lime- 
sand bottom. They may also be further broken down on the basis of differ- 
ences in the dominating reef—building organisms. The probable nature of the 
formerly luxuriant growth of Heliopora is well illustrated in the present 


lagoon by areas of heliopora patch reefs and limesand. 


The effect of certain fish in the production of lagooneal sediments is 
of special interest. Darwin observed that fish browsed on coral, and 
Couthouy (1844, p. 97) was aware that lagoonal sediments might ee arise 
from the excretions of certain fishes." Safford (1905, p. 90) and Newell 
et al. (1951, p. 13) also observed fish nibbling on coral, but Finckh (1904, 
p- 141) states that "although a large number of kinds (of fishes) were watched 
in the neighborhood of coral, in no instance were they seen to browse on it." 
There is no doubt, however, that fish do browse on coral, and they probably 
are important contributors to the sediments around reefs. 

The scarids (parrot fish), with their parrot-like jaws, and the acan- 
thurids (surgeon fish), chaetodontids (butterfly fish), and pomacentrids 
(damsel fish), with their fused comb-like teeth, appear to be primarily 
browsers on soft algae. Significant to sedimentation is the fact that, in 
course of feeding, fish from: these families scrape off thin layers of the 
dead calcium carbonate substrate. This was verified by examination of their 
gut contents. These fish are so numerous and active that they probably pro- 
_duce-a fairly constant rain of this fine Caco; debris, and, indeed, schools 
of scarids commonly defecate great clouds of it when startled. In course 
of time this must represent’ a considerable contribution to the lagoon sedi- 
ments. 

A coarser sedimentary product is added by the balistids (trigger fish) 
and monocanthids (file fish), which are armed with a massive dentition of 
grouped biting teeth, and by the tetraodortids (puffers), which have parrot- 
like jaws similar to those of the scarids. Their stomachs contain the fresh 
tip ends of branching corals up to 5 by 10 millimeters and some have yielded 


chunks of crustacean tests and spines and plates of echinoids, as well as 
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algae. They have been observed actually to bite off the tips of ‘coral 
branches, and the fresh pieces of coral in their guts are free of fleshy 
parts. Doubtless these fish provide a significant part of the coarse frac- 
tion of lagoonal sediments. 

It is believed’ that fish are more important in the production and tri- 
turation of lagoon sediments than either échinoids or holothurians, the two 
groups that ‘are most frequently cited as organic sediment producers. In - 
making this argunient I mean, of course, to emphasize a commonly neglected or 
unrecognized factor in lagoonal sedimentation, not to deny the significance 
of other factors. The calcareous joints of the green alga Holimeda locally 
bulk large or even dominate in lagoonal sediments (e.g., David and Sweet, 1904, 
p. 65), and Foraminifera and coralline algae contribute significantly to these 
sediments through their dead shells and joints. The spicules of gorgonians 
and other alcyonarians (Carey, 1918, 1931) and the tests of cstracodes are 
likewise contributing elements. Detrital products strictly due to abrasive 
wave action and derived from both outer reef and patch reefs also coritribute 
to the lagoonal sediments, but probably do not bulk’as large in:their overall 
mass as might be supposed. 

The foregoing and other matters related to the ecologic zones and de- 
posits of the lagoon and leeward shelf will be considered more fully and 
critically when laboratory studies are completed. ‘For the present it must 
suffice to note that the obvious variations in the shallow lagoonal environ— 
ment comprise differences in density of concentration of patch reefs. Patch 
reefs are very abundant and locally almost continuous toward the léeward 
reefs and passes and gradually decrease in number toward the island mantled 
windward reef platforms. Linear to irregular areas of bare limesand alter 


this gradational sequence only locally. 
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ORTGIN OF BEACHROCK 


Beachrock results from lithification of beach debris in the intertidal 
zone owing to factors not fully understood but apparently peculiar to saline 
waters that are saturated with calcium carbonate. It is common on tropical 
sea beaches. It characteristically has the slope and mechanical composition 
of the constituent beach materials, whatever these may be. Beachrock is men- 
tioned in most reports that discuss the shore-zone geology of tropical islands 
and has been discussed at length in several papers. A recent summary is by 
Fmery (in Pac. Sci. Board, 1951, p. 34). It is evident that cementation of 
beach sands to make beachrock wesults from interstitial precinitation of cal- 
cium carbonate in the intertidal zone, but the mechanism of such precipita- 
tion is not agreed upon. The ensuing discussion will emphasize the importance 
of algae.in beachrock formation. 

Onotoa is an almost ideal laboratory for the study of beachrock, for 
hard beachrock and bonded Limesand occur there over large areas. Bonded 
limesand, considered to represent incipient beachrock, was found on lagoon 
beaches, in tide pools and spray pools, and as broad carpets in tide flat 
areas. It was not found anywhere on the seaward beach at Onotoa. On some 
tide flats the penetration of fairly solid beachrock by numerous burrows of 
a small red-clawed fiddier crab (Uca sp.) strongly suggests that the burrows 
were dug prior to induration of the rock. Everywhere that tonded limesand 
was found on Onctoa it was observed to be encrusted with living blue-green 
algae of several genera and species (see descriptions in appendix B). These 
algae apparently bind the beach and tide flat sands at the surface and, 
through their biologic activities, may cause or accelerate interstitial 
precipitation of calcium carbonate beneath. Some samples of the supposed 


incipient beachrock show successive alga-capped layers or laminae, end it 
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looks very much as though the algae play the important function of holding the 
sands in place until they can be indurated. 

I am satisfied that the formation of beachrock in protected localities 
is brought about by, or greatly accelerated by, the activities of blue-green 
algae and hope to document this fact more fully in a later report. It is dif- 
ficult, however, to see how ordinary blue-green algae could have a significant 
effect on the bonding of conglomerate beachrock on an exposed seaward beach. 
Perhaps the answer is that beachrock does not form on exposed beaches except 
in protected places or during times when wave action is very weak. A cant 
of firmly bonded gravelly sand containing numerous brass cartridge shells 
was collected on a seaward beach at Tarawa, but this had formed in a pocket 
behind ledges of clder beachrock and was encrusted and ramified with soft 
algae. If any given locality were free from strong wave action only long 
enough for algal bonding of beach detritus to get a good start, cementation 
might continue when the locality again was exposed to more vigorous wave 


attack. 
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HYDROLOGY 


Hydrologic observations made were limited by time, facilities, and staff. 
Several samples of ground water and one sample of sea water were taken for 
chemieal analysis (not completed); some observations of movement of dyed 
water across and beyond the windward reef were made; and diurnal variation 
of pH, temperature, and chloride ion concentration was observed at selected 
localities. In addition, some determinations were made of total hardness, 
calcium hardness, and magnesium hardness, all "as Cac03," and of calcium and 
magnesium ion concentrations. Chloride was determined by titrating with 
Silver nitrate and potassium chromate, and hardness factors were determined 
with stock hardness indicators and sodium hydroxide as described by D. L. 

Cox (Pac. Sci. Bd., 1951, pp. 22-26). Observations of pH were started with 
a Gamma electric meter using glass and calomel electrodes, but, owing to 
battery failure, it wes necessary to complete this study with a Japanese- 
made (Mitamura) set of cclorimetric indicators. Colorimetric indicators, 
unfortunately, are neither as reliable nor as finely calibrated as the elec- 
tric meter. 

In the ensuing discussion the term "chlorinity” refers to the concentra— 


tion of the chloride ion (C17) in parts per million of solution. 


Ground water 
Ground water in the permeable medium of an atoll island occurs as a lens 
of fresh water floating in hydrostatic balance on salt water below. As fresh 
and salt water are miscible, a zone of mixing occurs at the contact of the 
fresh-water lens with the selt water below. Various irregularities in the 


Shape and integrity of the lens may result from openings, passageways, or 
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variations in permeability of the island foundation that accelerate or retard 
mixing. A ground water lens of this Sa is called the Ghyben-Herebens lens, 
after two of its early propounders, ana! it is svecinetly discussed i Went— 
worth (1947). 

The source of fresh water in the iens is is rain. Given adequate roin and 
unvarying permeability, the thickness of the lens depede on ees pete di- 
inensions and the amount of logs sheousn evaporation or artificial draft. As 
a result of the difference in density between about 1.000 for fresh water and 
about 1.025 for sea “ie, Pe thickness of the balanced lens, assuming no 
mixing, should be 40 times the height to which the balanced fresh water ex- 
tends above sea level. In small islands or very narrow parts of long ones 
the fresh-water lens will be relatively thin and brackish. In large islands 
of medium and consistent permeability, assuming adequate rain, the ene will 
be thick aid the water potakle. In time of drought this fresh water, in parts 
of islands wide eriough to have a reasonably thick lens, would be lost only 
slowly by diffusion, mixing, and outflow. Heavy draft without recheeeny how-— 
ever, leads to salt-water invasion. 

Ample cemonstration that the ground water of Onotca comprises a lens of 
the Ghyben- -Herakerg type is provided by observed diurnal variations of the 
level of ground water at site C-2 (CBRE of island, shower well at nae 
This level fluctuated through 164 sense with a tide range at the time of 
about 4.3 to 5.5 soe, and its aten and low sande followed the niet and low 
tides with a lag of 2 to 3¢ hours. Obviously, the fresh water is aoe 
by the tides and must be figatiwe on interstitial sea water in the permeable 


sediments and rocks beneath. 


Bight ground water samples were studied from an area about + mile square 


and centering on the Government Station and our campsite (figs. 2, 3). This 


ope 


area was selected for study partly as a matter of convenience and partly hbe- 
cause the island at this place approaches the probable minimum width (1000 
to 1400 feet) required to maintain a fresh-water lens continuously through 
droveht periods of recorded duration. 

Results of field tests on this ground water are given in table 3. Sam— 
ples 1 to 5 were from walls aug and maintained prior tc the arrival of the 
American field party. Sites C-l, C-2, and C-3 (fig. 3) were dug mainly to 
obtain ground water samples and geologic sections at regular intervels across 
the island. Sites i 2, 3, 5, and C-2 were atout at the center of the island, 
whereas sites 4 and C-3 were halfway from center bo lagoon beach, and C-1 
was halfway from center to seaward beach. Of the rive wells testec, the 
two--l and 2--that showed lowest chloride concentrations and total hardness 
were at the center of the island, but one well toward the lagoon beach (4) 
provided potable water. Well 3, relatively high in chloride soneeh eh team 
hardness, and magresium, and not good for drinking was also at the center of 
the island and only 225 feet south of well 2, a good well. ‘The data of table 
3, in combination with taste tests of other wells, indicate that a well 
toward the center of parts of the Ramee Gepdias that are wider than about 
1000 feet has a good chance of producing a fairly continuous supply of potable 
ground water under the normal draft of the native population. Wells in nar- 
rower land or near the beach are apt to be brackish. According to the prin- 
ciples of hydrostatic balance in tne Ghyben-Herzberg lens, as the land is 
wider, the lens is thicker, and the chances of a sustained supply of potable 
water are better. 3 

Irregularities in fresh-salt boundary relationships in the lens due to 


openings in the reef-rock foundation are to be expected, and the relatively 
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high chloride and magnesium content of well 3 is possibly due to such an 
opening or passage. It is possible to predict the location of such openings 
only by methods that are prohibitively expensive with reference to the ease 
and cheapness of digging a shallow well. The practical way of meeting the 
problem of ground water supply in the Gilberts is to locate wells intended 
to supply drinking and cooking water at or toward the middle of islands more 
than 1000 feet wide and at least several thousand feet long. Some wells so 
located will encounter feaieach water in any event, but they should be pro- 
portionately few. 
Shallow sea and tide pools 

Observations were made on diurnal variation of pH and temperature of 
water from a high tide pool and a spray pool on the windward sea beach, from 
a tide pool on the windward reef flat, from flow over the reef flat, from 
immediately offshore in the shallow lagoon, and from a spray pool with bonded 
limesand on the lagoon beach. The last mentioned, though a spray pool at 
neap tides, is a tide pool at times of spring tide. All sites observed were 
adjacent to the field camp south of the Government Station on the northern 
main island. In addition to pH and temperature, the concentration of calcium, 
magnesium, and chloride in parts per million was determined. 

The beach zone pools at Onotoa mostly have flat bottoms, a large popula- 
tion of fixed algae, and a few snails (Nerite) and blennies. The tide pools 
of the inner reef flat have smooth, shallow, rounded bottoms, commonly 
elongated normal to the shore and with algae growing between rather than in 
them. The beach zone pools are considered primarily attributable to solution. 
The reef flat pools are probably in part abrasion features. Emery (1946) 
gives results of similar but more complete studies of tide pools at La Jolla, 


California, and provides refwrences to previous publications on the subject. 


34 


The results of the observations at Onotoa are show graphically in 
figures 4 to 8, and critical variations in hydrogen ion concéntration are 
summarized in table 4. From these data it is clear that, excluding ex- 
traneous factors such as affected the high seaward tide pool of figure 7,° 
temperature, chlorinity, and pH all show the same general pattern’ of diur-. 
nel variation. This pattern is a recumbent sigmoidel curve, rising to a~ 
tens Gene the day and falling to a low at night. Moreover, samples’ tested 
for Catt and Mg*+ show that these properties vary directly with chlorinity. 

The batteries of the electric pH meter gave out toward the end of the 
first set of 24-hour reedings, but sealed water samples had been taken for 
all hours read and these samples were immediately checked with a Japanese—made 
- (Mitemura) set of fluid and paper colorimetric indicators. These indicators 
showed consistent results following a diurnal variation curve similar to that 
of the electric-meter but generally reading 0.3 to 0.5 mit higher and tending 
to flatten the curve slightly toward the peak. This check makes credible the 
“ general range of readings subsequently made with the colorimetric indicators, 
but also suggests that the colorimetric curve should be scaled somewhat lower 
than it actually reads. ~ 

Data from the shallow lagoon (fig. 4) and water in flow over the windward 
reef flat (fig. 5) may be taken as an approximate measure of the limits of 
“normal variation in the very shallow marine waters 6f Onotoa. “These show.a 
range in chlorinity of 183080 ppm Cl” just before daybreak to 20,680 ppm Cl~ 
during the day. The pH (meter measured) ranges from 7.63 at midnight. or early 
morning hours to 8.80 in midafternoon; and temperature ranges from 23.59 C 


just before daybreak to 34° C at midday.: The lowest pH recorded electrically 
was 7.63 for water in flow from beyond the outer..reef over the reef. flat. 
at midnight, and the highest was 9.05 for water in a then stagnant reef flat 


tide pool at midtide and midafternoon. This range is close to the range found 
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by Emery (1946, p. 221, fig. 12) in a southern California tide pool with a 
temperature range of 14° to 26° C. A pH reading as low as 7.4 was recorded 
colorimetrically in a high windward spray pool at 6 a.m. and one as high as 
9.4 in a lagoonside spray pool at 3:30 p.m. 

Importance is attached to figure 7, representing a high seaward tide 
pool, because it shows an essentially regular diurnal variation curve of pH 
(colorimetric) through a period of fluctuating temperatures and dilution by 
rain (2.05 inches rainfall in 24 hour interval recorded on figure 7). Concen- 
tration of Cl” in this tide pool fell 6000 ppm during hard rains from 3:15 
to 5:15 a.m. However, it jumped back 4500 ppm with the first flushing wave 
of the high tide after the rains stopped and was kept at this concentration 
as iong as the tide pool was reached by an occasional high wave. Concentra- 
tion fell 15,000 ppm during a day of rains but jumped from 2,000 to 19,000 
ppm as the tide reached peak and flushed the pool again. Chlorinity fell off 
markedly again at 9 p.m. as the tide receded and the pool was beyond reach 
of waves, but this drop must be explained by dilution from accumulated rain 
water seeping and trickling down from the irregular rock surface above the 
pool, for there was no rain at this time. Concentration in ppm of CaC0., 
MgC03, Ca*t+, and Mgt* varied directly with Cl”, and none of these concentra- 
tions showed any relation to temperature of pH. 

Clearly, the pH of this tide pool is not significantly affected by or 
related to either temperature, chlorinity, or any of the variables that change 
with chlorinity. However, pH, temperature, and chlorinity do vary together 
in other situations (figs. 4 - 6, 8), and it looks as if they may vary in re- 
lation to some common factor. Sunlight provides a suitable common factor for 
temperature and pH, but its possible relation to the measured variations in 
chlorinity is mot clear. Rain and variation in outflow from the fresh water 


lens with the tides are probably more important in accounting for chlorinity 


variations. 
38 


The general periodic variations of pH from relatively high during the 
day to relatively low at night is well brought out by table 4. During hours 
of sunlight marine plants (both attachec and planktonic) .use up COp in 
photosynthesis, causing relative acidity, as measured by hydrogen ion con- 
centration, to decrease, and pH, the inverse measure of hydrogen ion concen- 
tration, to rise. The reverse is true at night, when plants are not using 
C05 for photosynthesis, but both plants and animals are producing cO5 through 
respiration. The C09 content of the water increases, hydrogen ion concentra— 
tion rises, and pH falls. This is true of the high seaward tide pool, with- 


a 


out regazd to the extraneous factors that affect calcrinity and temperature, 
presumably becavse the veriation in pH is organically controlled. Emery ‘ 
(1946, ps 221, fig. 2) clearly shows that diurnal varietion of pH in tide 
pools at La Jolla is inversely related to CO> concentration. At the same 
place, he notes that variations in partial pressure of C05 from greater than 
in air at night to less than in air auring the day indicate a larger range 
in C05 actually released and used then is indicated by measurements obtained. 
Special interest in the diurnal cycle of pH variation derives-from the 
part that tropical marine waters appear to play in ‘solution and precipita- 
tion. of Cal03. On the one hand, it is now common knowledge that such waters 
are normeily saturated or supersaturated with CalO3 and therefore not capable 
of taking it into solution. On the other hand, the physical evidence of 
pitting and undercutting of tropical limestone shores is convincing to some 
‘(including myself) that normal tropical marine waters, under some conditions, 
can dissolve CaCO3. Data obtained at Onotoa substantiate the conclusion al- 
ready reached by Emery (1946, pp. 225-226) that these conditions are rélated 
to diurnal variation of pH in intertidal or very shallow waters with a high 


biotic density. During the day, CO. in shallow waters and tide pools is 
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being used in photosynthesis, pH rises toward a maximum of $.6 to 8.8 or 
4.92! in open shoal water and 9.1 to 9.12! 4m tide pools and spray pools, and 
precipitation of CaCO, should take place. At night, when the CO content of 


3/ 


these same waters is increasing, pH falls toward a minimum of 7.6 to 8.3~ in 


Highest readings colorimetric and probably in the range of 0.3 high. 


both open shoal water and tide pools, and it is probably at times of lcower- 
ing of pH below about 7.8 to 8.0 that solution occurs. Emery (1946, pp. £22- 
225) has made the necessary calculations to show for similar data, though in 
a temperature range about 10° ¢ lower, that solution at night and precipita- 
tion during the day is in fact possible within the observed range of pH. In 
arriving at the foregoing figures, cata from the windward spray pool of 
figure 8 are discounted, because this pool was found to contain decaying flesh 
that doubtiess accounts for its low pH. Of course, such things are common in 
tide pools and spray pools and would account for accelerated solution there. 
That the effects of solution in shore zone areas are commonly more in 
evidence then precipitation is exoléined by the susceptibility of the minute 
aragonitic needles of the precipitated Caco, to being flushed away by waves—— 
or even blown away by wind at low tide from parts of the reef and tide flats 
that are exposed long enough to dry. Precipitated Caco. in and near the shore 
zone of Onotoa appears to be preserved only on the elevated rims of certain 
tide pools and probably as part of the white encrustations on the surfaces 
of sediment-binding algae. Naturally, rain water, both as solvent and as 
flushing medium, accentuates the process of pitting and formation of tide 
pools and spray pools, and the effect of decaying organic matter is also in- 


portant. However, neither rain nor decaying organic matter can have much 
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effect on the production of the undercut notches that are so common around 


limestone islands cf the tropical seas.. 


Flow of water over the windward reef 

The movement of powdered fluorescein marker dye was observed at several 
places over the reef flat, in surge channels, and over the benched reef slope 
seaward of the reef evar along the windward shore near Government Station. 
Observations wers made during e receding tide at a time of moderately strong 
surf, and all time intervals end quantities of dye were estimated. 

&bout midway of the reef flat, which is about 800 feet wide here, a patch 
of dye about 20 feet in diameter cn application spread out to about 80 feet 
wide by 100 feet long (clongated normal to shore) and moved altogether past 
the point of application in about 30 seconds. It then surged inward and out— 
ward with onshore surge and recession of waves but sinking as it moved and 
with dominant movement seaward along the bottom. Within about 10 minutes 
after application the dye was foaming in the surge channels of the coralline 
ridge. 

About half a cupful of .the powdered dye was applied just behinc the 
coralline ridge and then ovserved from a raft anchored about 110 feet beyond 
the ridge on the benched reef slope. Traces of this dye foamed in the upper 
waters of the surge channels for a long while, but the bulk of it continued 
to sink and drift seaward for about 30 minutes.,- It gradually worked dom to 
a basal layer of water and streamed cut over the seaward sloping bench. 

Dye was added to surface water about 50 feet seaward of the coralline 
ridge and surge channels. This dye worked outward and dowmward, streaming 
to the bottom at about a 30° angle in about 5 minutes. Within about 15 


minutes it was all seaward of the shelf. 
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About three~quarters of a cupful of powdered dye was released at the 
bottom of a 6- to 8-foot-wide surge channel near its midlength, in abovt 10 
feet of water. This dye surged up and down and spread to adjacent grooves, 

16 1% stayed in the surging waters for about 10 to 15 minutes before begin- 
ning to stream definitely seaward. It then streamed outward and dovmward 
across the sloping bench. 

The foregoing observations show that there is a definite outward-moving 
bottom current in the shallow water over the reef flat and upper reef slope, 
at least at times of receding tide. Time did not permit repetition of the 
observations with an incoming tide, but I would expect the same pattern--the 
water that runs onshore at the surface because of the breaking waves must 
move offshore at the bottom. ‘The fact of most importance is that this cur- 
rent is downmard as well as outward, literally dragging the bottom, and at 
times of sien between swells at the ree¥ margin its force is memorable. 
Moreover, as this movement is perceptible even beyond the reer fronv at 
times of only moderately strong surf, it is probably considerable during 
storms. This is of importance in Conmecrien with the origin of reef front 


grooves and surge channels. 


ORIGIN OF REEF-FRONT GROOVES AND SORGE CHANNELS 


The fronts of most organic or limestone reefs that are exposed to the ~ 
sea somewhere show a comd-tooth pattern of closely spaced grooves that are — 
separated from one another by rocky buttresses. The parts of these grooves: 
that transect the surf zone (and the coralline ridge if one is present) are 
called surge channels (Tracey et al, 1948, p. 867). 

The origin of these groove-and—buttress systems is a vexing question, . 
for they show features attributable to both biogenic construction and me- | 
chanical erosion. Ladd and others (1950, p. 413) have emphasized the import- 
ance of outgrowth of algal spurs to form the buttresses at Bikini atoll. 

They believe that aitnough there probably "is mechnenical abrasion during 
periods of exceptionally heavy weather...this does not seem adecuate to ex- 
plain the grooves as erosional figures." David and Sweet (1904, p. 81) ex— 
plained them by a hypothesis of comkined growth and erosion factors and 
Kuenen (1933, p. 80-81) believed that they were mainly constructional. 

Newell et al (1951, p. 25), with reference to the Bahama Islands, in-_ 
clined to the view that "the grooves are cut," and to judge from the fact z 
that the grooves observed by them "are incised in oolitic country rock they 
evidently are erosional features." Before learning of Newell's views, 
studies of grooves and surge channels on Onotoa and previous observations of 
Similar features on Guam, Saipan, and elsewhere had lead me to recognize ero- 
sion as important in the formation of the grooves. I have also seen, but not 
studied, grooves similar in plan to more conventional surge channels in the 


face of a basalt-floored bench just west of Haena point in northwestern 


Kauai, of the Hawaiian Islands. 


In my opinion the grooves in many places are initially cut by outflowing 
undercurrents that carry tools of abrasion not available to the more spec- 
tacular inrushing surf. This produces the characteristic radial pattern of 
gravity fiow. it is further suggested that most of this cutting followed 
falls of sea level, when reduction of bench surfaces provided maximum quan— 
tities of detritus for abrasion. Under proper light conditions air photo- 
graphs of some shores (e.g., north Saipan) show several levels of offshore 
and even elevatec grooves, not closely matching at their boundaries. These 
indicate groove-cutting at successive stands of sea level related to bench 
formation. Once a bench is redvced to equilibrium level, however, growth 
factors become relatively important. The abraded upper sides and crests of 
spurs then become veneered with growing coralline algae and corals, and the 
grooves may be masked cver and. generally closed or partly closed at the sur- 
‘face. This produces 1mder-reef caverns and blowholes. Growth of algae and 
corals subsequent to groove cutting may be so extensive as to mask completely 
the evidences of abrasion, but the grooves and surge channels are found at so 
many places, and the radial pattern is so like the normal gravity pattern 


found on rilied rock beaches and elsewhere, that abrasion by outflowing 


-* gravity currents probably determined the basic pattern at many places where 


organic growth is the prevailing modern feature. 

Many grooves and surge channels observed on Onotoa and elsewhere are 
undercut at their basal sides and floored with gravel, and many on the lee- 
‘ward coast of Saipan end in submarine potholes containing coarse gravel. 
The grooves are ordinarily most abundantly developed on windward reefs, but 
they have been observed in all quarters of the wind and at places are common 


on leeward reefs. Their degree of prominence is believed to be controlled by 


strength of outflowing current, and thus sre) and by guanine abrasive 
materials in transit. On the other hand, there are places siiérs growl Sie 
nae produce the Donbetno tt nena Both mechanical erosion end organic 
growth must be considered dinpontane in the origin of groove-and—buttress sys-— 
tems, the part played by each probably (eens eesoesene to local conditions. 
on Onotoa the grooves of the windward reef are elie limited to the 
surf zone and are thus synonymous with uagactinee channels, but traces of them 
run across the benched slope of the upper reef, masked by coral avout and | 
debris. The front of he reef at the landward side of this bench is about 
12 feet high and from the seaward side looks like the truncated spur-and- 
canyon topography of a steep-fronted and flat-topped mountain range or plateau. 
The surge channels range in eden from about 50 to 80 end rarely as much as 
120 feet. They are about 6 feet deep at midlength, and deepen gradually to 
about 8 feet at the reef front, with a dowmward dip of another 2 to 4 feet as 
they pass Peyend the wave-breaking front of the reef. They range from 2 to 8 
feet in width at the reef front and are undercut up to 1 foot on each side at 
their eee Living algae and corals are abundant only at Ave assis co upper 
sides of intervening buttresses. The surge channels are floored with goRiNepa 
mostly slabby gravel. At the reef front above this gravel during 2 period of 
relatively strong surf (swell measurea 6 feet high, combers averaged an 
estimated 8 feet), the only movement experienced was an up and down with the 
ever. Down in the lower part of the channels, However, the swimmer is 
carried’ back “and forth with’ tne sdeee eos aaeentaclis i620 eeu a anenetes 
Under these conditions only small pieces of the gravel were observed to move, 
the maximum size observed in movement being a slab about 8 inches in diameter 
that rocked gently back and forth without being transported from its original 


position. Slabs this size and larger, although well rounded, are mostly 
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coated with a fairly luxurious felt of living green algae, and it is evident 
that their rounding occurs only at times of storm or very heavy surf, with 
plenty of time between for growth of algae. Whereas there is apparently enough 
movement of the boulders and smaller gravel and sand to prevent grovth of 
coral and corailine algae on Ene icok and lower parts of the surge channels 
(except locally at their mouths), the srooves are probably not being signifi- 
cantly enlarged at the present time. 

It is suggested that most of the groove cutting in the reef front at 
Onotoa occurred during beveling of the present reef flat after the recent 6- 


foot eustatic fall of sea level. 
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BUILDING AND EROSION OF ATOLL ISLANDS 


On Onotoa, evidence for Recent lowering of dedi level of the order of 5 
or 6 feet is found in remmants of an elevated Heliopora reef flat that occurs 
up to about 2§ feet above the inner edge of the reef flat, both on the beach 
and in wells (e.g., profile 5, fig. 3). The inner edge of the reef flat, in 
turn, is estimated to be 2 to 3 feet above present mean low low tide. At pre-— 
sent the upper limit of living Heliopora flats is about at low tide level. 
Similer occurrences of relatively elevated Heliopora flats are also found at 
Funafuti (Sollas, 1904, pp. 21-24; David and Sweet, pp. 67-68 and plates). 
Further evidence of a fall of sea level of about 6 feet at Onotoa is provided 
by elevated cobbie stripes of a sort that I have observed only on reef flats. 
These cobble stripes rise about 2 or 3 feet above a surface of cobble gravel 
that is about 6 or 7 feet above the present reef flat at the northwest end of 
Onetoa and are separated from the lower—lying present reef flat by a gravel 
rampart. 

As a Recent world-wide 6-foot fall of sea level may be amply documented, 
the evidence on Onctoa is only part of the broad picture. The higher stand 
from which the present Bentres receded is provisionally attributed by Stearns 
(1941, p. 780) to the postglacial optimum temperature cycle of 5000 to '7000 
years ago, when water previously and now tied up in the polar ice caps was in 
the ocean. Fall to present sea level probably took place in two steps, the 
first a 3- or 4-foot drop and the second 2 or 3. Evidence for the second drop 
consists of a bench about 2 or 3 feet above the present reef flat at Onotoa 
and elsewhere (see Kuenen, 1933, pp. 66-70; Dana, 1872, pp. 333-346). No at— 
tempt will be made here to summarize the large literature on the question 


of recent eustatic falls of sea level. 
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Atoll islands characteristically consist of unconsolidated debris rest- 
ing on a solid foundation. This foundation must be broad enough anda high 
enough so that this unconsolidated debris can accumulate beyond the reach of 
strong wave action and.be preserved there. The foundation may consist of a 
reef that has grow to the surface of the sea, or which, having grow.to the 
surface, is left somewhat above normal sea level by recession of the sea. 

On a surface which is exposed between tides, lime-precipitating and 
sediment-binding green and blue-green algae flourish, and even coarse clastic 
materials are quickly and firmly bonded together by interstitial calcium car- 
bonate. This is demonstrated by the cementation of blocks in the stone-ring 
fish treps on the outer reef flat and by firmly welded bars of boulder con- 
elomerate at Aonteuma and at the northwestern extremity of the atoll. Upon 
such an intertidal surface, also, debris tossed by the waves has a good 
chance of remaining im position at a distance from the reef front that varies 
with the transporting power of storm waves. 

The first step in the building of an atoll island, then, is the erection 
by storm waves of a ridge or rampart of coarse gravel on a living reef flat 
or wave-cut bench. Seaward additions may, of course, be made to such a ram- 
part by subsecuent storms. However, evidence that the structure is essentially 
stable along a given line and under prevailing strength of waves is found 
in the fact that the gravel rampart is a single ridge at most places. 

Building of land on the lagoon side of this rampart is harder to under-— 
stand. Thet much of the work is done by wind is evident from the prevalence 
of dune sands at many places, but from where does the sediment come?- In the 
sands of Onotoan islands it is clear from the abundance of the reef-flat 


dwelling foraminifer Calcarina that mach if not most of the sand is derived 
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from the reef. The tests of Calcarina anc other Foraminifera that inhabit 
the algal mats of the reef flat apparently were washed across the reef and 
drifted around the ends of and along the lagoon side of the gravel rampart 
by local currents. The washing of water across the reef through breaks in 
the vampart is a sufficient explanation of the currents, but they may be 
locally emphasizec or negated by other factors, such as wind. Im the job of 
island building these currents will be aided by wind—borne sand from tide 
flats or from bars projuced by the currents along the growing shore in the 
lee of the gravel ramoart. 

The island: shovld continue to grow in width as long as there is a base 
for it to spread lagoonward on and a suppiy of sediment for building. The 
latter is providec by Foraminifera end clastic particles of Cel03. Eventually, 
if the process continues, and currents do not keep the lagoon swept free of 
sediment, the lagoon must fiil up and 4 large land area develop, as at Chris+- 
mas Island, in the northern Line Islands. The height of an atoll island, 
insofar as it is not attributable to fall of sea level or to rampart building, 
depends on the height to which wind can build dunes on the base provided and 
from material at hand. Most atoll islands are relatively narrow and low,” 
seldom anywhere exceeding 12 to 18 feet above the reef flat. In my opinion 
this indicates that they are also relatively modem phenomena. Several av- 
thors have suggested that the building of atoll isiands has been accelerated 
by and perhaps dates from the Recent 6-foot eustatic fall, and such an inter- 
pretation would help to explain much of what is known of these islands, their 
biotas, and human migration in the Pacific. This recession of sea level would 
have resulted in an apparent elevation of near-surface reefs, providing excel- 


lent bases for land construction of the type the atoll islands show. 


aa 
The common presence of a lengthwise depression or depressions within 


atoll islands is explained by the outlined manner of growth. In the early 
stages of the process the currents from the ends of the islands would tend to 
swing a little away from the gravel rampart and build a longshore bar on the 
lagoon side. Subsequent additions are made mainly to the lagoon side of this 
longshore bar, and sediment is added to the depression areas only as it may 
blow in or wash over bar or gravel rampart. On Onotoa the inner depression 
is only locally present. However, the process that results in an inner Cce- 
pression is perhaps exemplified at both ends of the atoll islands by the 
ares of land whose sandy exter.sions curve around tidal inlets (fig. 2). The 
general pattern of distribution on Onotoa of sand toward the lagoon and gravel 
toward the sea, and of isiands mainly to windward, also is consistent with 
the patterns of other atolls and with the process suggested. Storms that 
either washed across or broke through the gravel ramparts or swept in gravel 
from the lagoon may be called upon to explain gravel deposits lagoonward of 
the rampart. Stages in island growth, according to the scheme outlined, seem 
to be illustrated by the longitudinally paired island strips of Marakei Atoll 
in the Gilberts (Agassiz, 1903, pls. 149-150) and by the filling since 1900 
of lakes in the central depression of Putali Island on Addu Atoll in the 
Indien Ocean (Sewell, 1936a, p. 77). Sewell also shows (Gigeh Neate) ay 
reference to pumice lines, that "the inner beach of the island has advanced 
toward the lagoon by some 10 yards" between about 1885 and 1934. 

The gravel rampart itself is commonly capped and at places completely 
concealed by a veneer or thick ae of fine-grained younger dune sands, blom 
ashore from the reef—flat area so recently as to show no humus layer, or 


thinly to veneer a humus layer below. This sand contains few Foraminifera and 
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is thovght tc be mostly cerived at times of low tide from the fine Caco, 
particles that adhere to the drying surfaces of the green and blue-green 
algae of the inner reef flat. The probability fee even extensive windward 
beach-zone dune belts cap gravel ramparcs seems strong enough to ween 
showing of inferred ramparts beneath such dunes on the island profiles of 
figure 3. 

If the islands of Onotoa were mainiy ouilt on a platform residual from 
the 6-foot stand of the sea, and if this stand of sea is proverly correlated 
with the postglacial optimum, all of these land-building events have taken 
place in about the last 4,000 to 7,000 years. 

\toll islands appear to ve eroded primarily at times of great storms by 
breaching of islands or by the complete removal of islands and other sediments 
on stretches of the reef flat. If at least the seaward portions of the uncon- 
solidated atoll sediments rest on a bench surface ae higher level than the 
reef flat, as at Onotoa, destructive processes should be retarded. Remnants 
of beach rock on denuded reef flats and buried or outcropping besch rock 
within tend areas provide the best basis for reconstructing siages in the 


building and erosion of atoll islands, once given a foundation. 
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SHIFTS OF SEA LEVEL AND THEIR EFFECTS ON MODERH REEFS 


The reef flats of Onotoa on which islands are situated are truncated 
surfaces. Green algae thrive on the inner reef flats. A few corals and 
abundant red algae are found on their seaward vortions. lvidence that this 


surface has been truncated is found in the elevated Heliopora flat that dips 


under the islands. This surface is continuous, at places observed carefully, 
with en old, truncated Heliopora flat that runs across the present reef and 
is merely veneered with algae and the sediments which they bind and cement 
to rock. Hvidence of a former stand of the sea about 6 feet above present 
sea level is found in the elevated area of reef-flat cobble stripes at the 
northwest end of Onotoa, and also in the elevated and truncated surface of 
the old Heliopora reef. 

At Arno Atoll, in the southeastern ilarshall Islands, coral growth 
flourishes at least on many parts of the reef flat. Of this atoll Wells 
(1951, pp. 4-5) has stated that there is no evidence of fall of sea level, 
and the same is commonly reputed to be true of atoll islands. On the other 
hand, evidence of fallen sea level has been recorded at Bikini (Ladd et al, 
1950, pl. 4, p. 413), Funafuti (David and Sweet, 1904, p. 67-68), and Hors- 
burgh atolls (Sewell, 1936b, p. 121). Regardless of the fact that indepen- 
dent confirmation cannot everywhere be found, there is widespread and 
impressive evidence not only of 2 recent 6-foot eustatic fall of sea level, 
but of a very recent fall of roughly 14 to 3 feet and of one or more former 
sea levels in a range of 16 to 35 feet above the present one (Daly, 1920; 
Daly, 1926, pp. 174-179; Kuenen, 1933, p. 66-70; Stearns, 1941, p. 779-780; 
Stearns, 1945). The 16- to 35-foot zone is obscure, and its effects on 
modern reefs can only have involved shoaling preparatory to later events of 
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more significance to their present aspects. The 14- to 3-foot fall seems 
best considered as a temporary stand in the ines of the sea from the 
6-foot level. There have also been local and perhaps eustatic positive move- 
ments of sea level, but positive eustatism for any given level is hard to 
demonstrate and relates only indirectly to the question here considered. 

The evidence at hand suggests that the present superficial aspects of 


+ 


reefs are related to rhether their surface was within 6 feet of sea level at 
the time of the 6-fcot eustatic stend. If they lay below 6 feet, the drop in 
sea level would not nave affected them markedly, and, if not sites of islands, 
they would presumably be flourishing organic reefs today. At such places 
ne evidence of eustatic fell wovld be found except, in an indirect wey, 
islends themselves, the ccnstruction of which would be facilitated by the 
shoaling of their potential foundations. If the surface of a reef were within 
6 feet of sea level at the time of the 6-foot eustatic stand, it would be 
abraded and truncated with fall of-the sea. It would be an area poor for 
grovith of corals and crustose corailine algae, and veneered with clastic 
debris and soft algee or articulate corallines. Such reefs are found at Onotoa, 
Taraw, and Butaritari in the Gilbert Islands as well as in many other parts 
of the Pacific. In my opinion they are in themselves evidence of recent fall 
of sea level. Of course, it is to be expected tnat nontruncated reefs will 
be found in areas of truncation, for it is highly unlikely that all reefs of 
a given area or ali parts of a given reef would have grorn to uniformly shoal 
depths prior to the $-foot fall. 

A second feature of interest in-connection with the Recent 6-foot fall 
of sea level is the already discussed development of grooves and surge chan-_ 
nels in the present reef rim. It is here considered that such features at 


many or most places originaliy result from abrasion by gravity currents flowing 
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outward acress the reef and equipped with abrasive tools provided by trunca-— 
tion of a relatively elevated reef flat. When such a reef flat is reduced 

to a stable level, or before, if conditions are favorable, growth of coralline 
algae and corals at the beveled reef margins is accelerated and eventually 
masks or even eradicates evidences of abrasion. The east end of Tarague 
Beach, at north Guam, is believed to exemplify an elevated bench in process 

of such reduction. For some unknown reason it, alone of all reef-flat areas 
seen cn Guam, preserves numerous remnants of the older level between grooves 
that extend across the entire reef flat--as, of course, they should do until 
sucn time as lateral cutting processes reduce them to a general level. 

A corollary of the contention that the 6-foot eustatic fall exerted a 
controlling influence on the superficial aspects of modern organic reefs is 
that one should be able to state, from the nature of its surface, whether or 
not any given reef area was within 6 feet of sea level at the time of the 
6-foot eustatic stand. If it is sparse in living coral and veneered with 
green algae and clastic debris, and particularly if it is also a relatively 
smooth surface, it was probably truncated. If coral growth is vigorous and 
the surface irregular, it was probably not within 6 feet of the old sea level, 


or else it has gromn up from a very severely beveled reef margin. 
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APPENDIX A--LIST OF REEF BUTLDING CORALS AND HYDROZOANS 


for the following preliminary identifications of corals and reef build— 
ing hydrozoans from Onotoa I am indebted to Dr. J. W. Wells. The list given 
is composite for all localities and environments collected. Altogether it 
includes 26 genera and 50 to 60 species of corals end 2 genera and species 
of hydrozoans. 

Scleractinia 

Acropore numilis (Dana) 

Acropora spp. 

Astreopora sp. 

Coscinarea columna /Dana) 

Culicia 

Cyphastrea micropthalma (Lemarck) 

Echinophyllia aspera (Ellis and. Solander) 

Echinophyliia sp. 

Echinopora lamellosa (Esper) 

Favie stelligera (Dana) 

Wavia spp. 

Favites sp. 

Fungia concinna Verrill 

Fungia scutaria Lamarck 

Fungia valida Verrili--a new record 

Goniestrea pectinata (Ehrenberg) 

Goniastrea retiformis (Lamarck) 

Halomitra philippinensis Studer 

Herpolitha limax Esper 


Hydnophora microconos (Lamarck) 
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Hydnophora rigida (Dana) 
Leptastrea purpurea (Dana) 
Lobophyllia sp. 

Merulina sp. 

Montipora caliculata (Dana) © 
Montipora foveolata (Lamarck) 
Montipora verrucosa Lamarck 
Montipora spp. 

Pavona clavus (Dana) 

Pavona varians Verrill 


Pavona sp. 

Platygyra rustica (Dana) 
Platygyra sinensis (Edwards and Haime) 
Plesiastrea versipora (Lamarck) 
Plesiastrea sp. 

Pocillopora caespitosa Dana 
Pocillopora damicornis (Dana) 
Pocillopora danae Verrill 
Pocillopora elegans (Dana) 
Pocillopora meandrina Dana 
Pocillopora modumanensis Vaughan? 


Pocillopora spp. 


Porites andrewsi Vaughan 
Porites lichen Dana 
Porites lobata Dana 


Porites lutea Edwards and Haime 
Porites superfusa Gardiner 
Porites spp. 


Psammocora (Plesioseris) sp. 
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Be. fis r ai: Hydrozoa dovackd peoeT One 


Millepore tenera Boschma the “oR wo 


Stylaster sanguineus Edwerds and Haime PAR, 


APPENDIX B--DESCRIPTION OF ECOLOGIC FIELD UNITS 


Recognition of contiguous ecologic field units within a given general 
environment amounts to designating segments of a continuously variable se- 
quence. Such units in large part express real central tendencies, but their 
boundaries are mostly indefinite, and to draw boundaries at all may be mis- 
leading. How to define the particular continuous variables in question and 
express them suitably on a map without recognizing suites of intergrading 
units is a problem yet to be satisfactorily solved. Pending such solution, 
or a reduction oi categories on completion of laboratory studies and re- 
evaluation of field data, the following descriptions may give the interested 


reader a more particular idea of the ecology of Onotoa. 


Islands 


Dune lLimesands 


Younger dune sand. Mostly fine- to medium-grained, angular Caco. sand. Humus 
layer incipient, thin, or absent. 

Older dune sand. Similar to "younger dune sand," but with humus layer weakly 
to moderately well developed. In part rich in tests of foraminifer 
Caicarina. 


Indurated dune sand. Indurated phosphatized (?) older dune sand. 


Limesands other than known cune deposits 


(Gravel intervals localiy included in all types. Generally comprising mest 
arable land and supporting thickest vegetation on Onotoa.) 


Younger limesand. Fine- to coarse-grained sand, with humus layer thin or 
absent; locally includes gravel and wind-blown sand. According to local 
reports, the area of younger limesand and gravel on the point at 
Tabusrorae hes been built since 1900. 
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Calearira limesand. Sand of which 50% to 99% of the individual grains are 


tests of the foraminifer Calearina. Genevaliy with well-developed humus 
layer. Forms taoses etl apadaed soil vith goed capiaaeey system. 
Pavoned sees es pits and breadfruit where ecard water is suftieienmee 
fresh. | 

Graveliy iimesand. Sand vith less than 50% Calcarina and with intermixed 
Hel gravel (abandent small Cardium, etc.) and snail peeene gravel. 

Undifferentiated limesani. Fine- to coarse-grained sand with cone well- 
developed humus leyer, with less than 502 Calcarina, and with littie or 
no shelly gravel. 

Limesilt gracing to limesand. Mapped only in low, permanently damp a 
Generally wet snd stiff. Humus layer poorly to moderately well developed. 
At places encrusted with celiche-like hardpan. Supports sait-—tolerating 
shrub Pemphis (As well as poor coconuts, sparse Pandanus, etc.). Favored 


for retting pits beceuse generally brackish vater lies close to surface. 


Limesrevels 
(Intervals of mostly angular sand iocally included in all types) 


Blevated flat—cobble stripes. Low ridges or stripes of cobbles oriented normal 


to beach line, similar to ridges that develop on modern gravel—veneered 
reef flats. No humus, few fines. Stripes are about 3 feet high, and 
bases of troughs between them are about 6 feet above present reef flat 
(hand level data). This is taken as evidence of a recent relative ele- 
vetion of about 6 feet and correlated with the now well-documented 
Recent world-wide 2-meter eustatic fail of the sea. 

Coarse coralliferous gravel. In part composed of large meandriform and 
astraeiform coral heads. Has little or no humus and few fines. . Grades 


to "coralliferous pebble gravel." 
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Coralliferous pebble gravel. Fragments of branching Acropora conspicuous-—~ 
also includes Heliopora and other corals, corraline algae, and mollusk 
shells and fragments. In coarser range grades to "coarse corallifer— 
ous gravel" and at many places includes areas or intervals of such 
gravel. In finer range srades to sands by increasing proportion of 
fines ard reduction in size of gravel, and in such places approaches 


seil and vegetation characteristics of limesands. 
Caliche 


Caliche. Caiiche-like limestone, not similar to beachrock. Found at one 
locality ahout 3 feet above reef flat level and behind sea-facing boulder 
rampart (north end of northern large island). Very thin crusts of 
caliche also occur at the surface of the enclosed Pemphis flats near this 


locality and in low places that are flcored with wet limesiit. 


Brackish water ponds. Maximum depth 3 to 4 feet, blue-green algae abundant. 
ue-green algae flats. Areas of very fine Caco, sediments rich in moderate- 


BL 
ly to slightly brackish water cover nowhere exceeding 1-foot depth at 
formal tide level and in places barely enough to keep the ground wet. 
eeiad with cauliflower-shaped nodules or mats of sediment-binding and 


lime-secreting blue-green algae. 


Intertidal environments except reefs 


Includes sand beach, pravel beach, sand and grevel beach, bovider beach, and 


outer beach. 


Quter beach. Sand beach off lagoon side of southern main island that extends 
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beach proper beyond normai tide range and is exposed only at low low 
tides. Similar to "limesand flats" but narrower and sloping te oe 
Rocky beach 
(Some units described here also occur inland 
and above normal tide range) 

Concordant beachrock. Conformable with present beaches and certain tide 
flats. In large part little eroded, but commonly rilied and pitted with 
tide pocls. Comprises limesandstone with dips 5° to 7° lagocnward on 
lagoon beaches and nearly horizontal on protected tide flat areas. On 
sea-facing beacnes is limesandstone or coralliferous and algal congiom— 
erate dipping 7° to 10° seaward. 

Nonconcordant beachrock. Greater age than "concordant beachrock" suggested 
by occurrence at abnormally high levels, marked unconformity with pre- 
sent beach orientation, or unusually high degree of solution pitting in 
well indurated limesandstone. As meaoped, probably in part includes 
"elevated reef—flat rock." 

Bonded limesands. Weakly to strongly bonded limesands, commonly with a sur- 
face felt of sogsnenie panes (and lime-precipitating?) blue-green algae. 
ft places consisting of successive layers separated by thin films of 
chlorophyll-rich sand that mark former exposed surfaces. Genera of algae 
provisionally identified from honded limesands in the field by Dr. Edwin 
Moul are Chroococcus, Gomphospheria, Gleocapsa?, and other genera of 
the Chroccocales, as well as Lymgbya and Scytonema. At places the 
bonded limesands show aberrant dips, some up to 30° landward, where they 
apparently have formed as depression fillings or perhaps slumped into 


cavities by coilapse from beneath. 
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Elevated reef-flat rock. Old Heliopora-flat rock or rock consisting of frag- 
ments of coral and coralline algae in limesand matrix. The matrix may 
be partly or entirely a beachrock, but it lacks dip, is unbedded or very 
obscurely bedded, and is thus more suggestive of indurated reef-flat 


detritus. 


Enclosed intertidal flats 


— ee 


Inclosed limesand, Jinesilt, or Limemuc tide flats. Fiddler crab (Qca) bor- 
ye ings abundant, and. ocor of HS commonly strong in freshly exposed sedi- 
ments. Permanently demp and seline, but flooced only at highest tide. 
"Wind" is used provisionelly and. in the sense of probable grain size 
only; it has not yet acivaily been determined that any of this material 
is a limemud. 

Pemphis filets. Similar tc "enclosed limesand, limesiit, or limemud flats," 
but with cover of the salt—tolerating shrub Pemphis. Found at shore- 
ward margins of "enclosed flats." The shrub Pemphis, of course, also 
grows upon the land itself, at the edge of the beach or even iniand in 
low places that are subject to periodic flooding or where the ground 
water is brecxish. 

Mangrove flats. Similar to "enclosed limesand, limesilt, or limemud flats," 
but with cover of the mangrove Rhizophora. Generaily flooded at same 
stage of all tides, but mostly "dry" at lowest low tides. Sediments 
generally in the limemud to limesilt size range and high in Ho5. 


Mainly intertidal flats adjecent to lagoon proper 
(Units under this heading grade to lagoon, reef, and beach units) 


Coral-alzal rock flets. Dead coral—algal bottom veneered to a large extent 


with limesand and with local pockets where the sand is thick. Displays 
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occasional concentrations of the turtle grass Thalassia (and mostly un- 
attached Microdictyon) and in areas of standing water, sparse living 
coral that consists mostly of stubbily branching Acropora, Pocillopora, 
and smallish, hassock-Llike Porites. 

Coral-algai rock and sand flats with Zoanthus. Similar to "coral-algal rock 
flats" just described, but with sand veneer somewhat more conspicuous 
and supporting extensive growths of the colonial anemone Zoanthus as 
weil as consideracle numbers of varied green algae. 

Limesand flats. Relatively "cleen" sand-covered tide flats, with generally 
sperse megafauna of burrowing sipunculid worms, ghost crabs (Ccypode sp.), 
the snail Polynices, occesicnal cones and terebras, and, at places, the 
anemone Zoantaus and the common holothurian Holothuria atra Jager. 
Plants are scarce, but algae occur locally on erratic rocks, and 
Enteromorpha has been tentatively recognized. Zone extends beyond beach 
proper to the zero fathom line (mean low low tide) or slightly deeper. 

Send and gravel flats. Tide flats of calcareous sand end gravel with green 
algae resembling Cladophora and Cladophoropsis, Dictyosphaeria, and 
Valoniopsis abundant in portions that remain wet at normal low tide. A 
fev Living corals are present locally. 

Sand_and_sravel flats with coral. Similar ic and gracing to "sand and gravel 
flats" just described, but with scattered living coral, chiefly hassock- 
like Porites. Invariably wet when seen, and presumably water-covered 
excent at lowest low tides. 

Cobble prevel flats. Cobble-veneered areas mostly lagoonward from reef flats, 
inclucing occasional boulder or pebble fractions. Components mostly 
angular. Unit also includes indurated cobble conglomerate flats, adja- 


cent to or continuous with reef flats (as adjacent to Aonteyma and at 


north end of reef flat beyond this islet). 
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Pebble grave] flats. Areas veneered mainly with pebble gravels, but with 
some cobbles. Individual coarse fragments primarily angular. 

Beacnrock ribbed tide flats. Low ridges of oid beachrock interspersed with 
dirty limesand flats, incipient beachrock patches, and cireular patches 
of Thalassia (and Microdictyon). The common sea cucumber Holothuria 
atra Jager very abundant locally in pools and permanently wet depressions. 

Bars and spits 
(Continuously exposed or inundated only at highest high tides) 
Includes sand bars and spits, pebble gpravel bars and spits, boulder gravel 


bars, and bars of sand and gravel. 


Outer reef 


Grooved reef slopes. Upper slope of either leeward or windward reef front 
marked with conspicuous grooves normal to reef front and senarated by 
buttresses veneered with living coral. 

Papillated reef slopes. Upper slope of leeward reef front papillated with 
scattered, but more or less linearly arranged, patch reefs of living 
coral snd coralline algae. 

; Benched reef slope. Upper slope of windward reef front, comprising a bench 
that slopes about 15° seaward from 4 depth of about 2 fathoms to the 
upver part of a 30° to 40° undersea slope at atout 9 or 10 fathoms. 
Bench generally veneered with a mat of living and dead coral, the pre- 
dominant types being stoutly branched Pocillopora elegans (Dana). 

Reef front. Coralline ridge and surge channels prominent on windward side, 
but ridge is weak or absent on leeward side. The coralline ridge is lor, 
purplish-red in color, and thickly crowded with masses and crusts of 


coralline algae such as Porolithon and Uoniolithon. It runs along the 
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surf edge of the reef, is exposed at low tide, and is intersected by 


numerous channels through which surges the white water of the breaking 


surf. Presumably it was casual view of this reef front that led Setchell 
(1928, ». 1849) to state "the atoll of Onotoa...vas composed, so far as 
visible,- entirely of nullipore...largely if not entirely...Porolithon 
craspedium (Foslie) Foslie." 

Ped alga zone of windverd reef flat. A permanentiy wet area of red algal 
growth Lendvard from reef front. The outer nart or subzone, an area of 
permanent stancing water and iocus of tidal fish traps, is called the 
back ridge trough. Here are scattered cabbage-shaped and brenching 
masses and crusts of corailine algae such as Forolithon and Goniolithon 
and scattered large living heads of astraeiform and meandriform corals, 
as well as stubbily branching Acropora and Pocilionora. The green al~ 
gae Caulerpa and Halimeda are found locally and sparsely in the back 
ridge trough. The inner vart, or Jania subzone, of the red alga zone 
slopes up and grades to the green alga zone of the inner reef flat, their 
point of juncture being approximately defined by the inner edge of the 
fish traps. Biota of the Jania subzone dominated by articuiate coral- 
line Jania, with living Foraminifera of the genera Calcarina and ene 
opora locaily abundant. At places Jania subzone shows scattered, rolied 
coral boulders up to 16 inches in diameter, these boulders probably 
being broken loose within the back ridge trough. 

Green alga zone of windward reef flat. Inner reef flat characteristically 
matted with green algae. Commonly divisible into outer, middle, and 
inner subzones. In the outer subzone the red alga Jania is an abundant 
holdover from the rec alga zone, but greer algae predominate. ‘the 


intermediate subzone is one of flourishing green algae, and the inner 
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subzone is one wherein the green algae are whitened by encrusting bonded 
sediments or at places absent from the bare dead coral—algal rock below. 
At a distance these subzones seem sharply defined because of color dif- 
ferences, but they actually intergrade over rather wide intervels. 
Characteristic genera of algae throughout the green alga zone include 
Cladophora or Cladophoropsis, Valoniopsis, and Dictyosphasria. At 
many places this zone is strewn with scattered, rolled meandriform and 
astraeiform coral heads up to:-i6 inches in diameter, these boulders 
probably being derived from tne back ridge trough of the red alga zone. 
Leeward reef flats. Lagoonward portion generally dominated by green algae; 


seaward portion characterized by abundance of articulate coralline Jania, 


erustoss corallines, and scattered sturdily branched Acropora and 
Pocillopora. 

Gravel and sand veneered reef-flat areas. Uecd or decadent reef fiat veneered 
with angular gravel of pebbles, cobbles, or boulders, and with a conspic-— 
uous fraction of sand. Living corals few. 

Cobble and boulder veneered reef-flat areas. Dead or decadent reef flat 
veneered with cobbles and boulders. ‘and inconspicuous. 

Flat—boulder veneered reef-flat area. Chaotic coralliferous flat—boulder 
gravel on windward reef flat. 

Gravel veneer on dead reef—breccia. Rough, angular, corailiferous cobble- 
pebble gravel with some boulders. Veneers surface of coral debris 
breccia that presumably represents old reef flat. At places old reef- 


breccia is bare, with no veneering gravel. Mostly covered only at 


high tide. Developed primarily between the two main islancs. 
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Cal carine-Marginopora reef-flat areas. Protected reef-—flat areas matted 
with living Foraminifera of the genera Calcarina and Marginopora, and 
with green algae, the Foraminifera commonly entengled in the algae. 
Scattered boulders and cobbles are common iocally. A few specimens of 
the common bleck see cucumber Holothuria atra Jager are found in perma~ 
nently wet pockets. 

Heliopore reef zone. Living Neliopora in essentially continuous and generally 
thickly arborescent reef growth, with Acropora and Porites secondary and 
other coral types minor. 

Porites reef zone. Living reef area dominated by large flat-tonped heads of 


Porites. Irregular coral grcwth on bottom having depths of several feet 


Acrovora—Pocillopora reef zone. Living reef area of varied coral types 
dominated by varieties of Acrovora anc Pocillopora; corals thin cut from 
reef flat toward lagoon or tide flats With increase in area of limesand 
bottom. 

Varied reef zone. Reef area of abundant to scattered living coral growth of 
varied types on bottom of dead coral-algal rock that is at places exten- 
sively veneered with coral-algal gravel and limesand. Dominant living 
corel types are Acropora, Porites, Orbicella, and meandriform genera. 
Heads of coralline algae and pavement—type corallines locally abundant. 
Depths less than 1 fathom at low tide. 

Heliopora flats. Living Heliopora scattered over and rising 1 to 2 feet above 
limesand bottom. Upper tips of Heliopora barely exposed at low tide. 
liinor gravel patches occur locally. The sea cucumber Holothuria atra 
Jager is common. Echinoids recorded include a large poisonous Diedema 
and the harmless Tripneustes cf. 1. gratilla. 
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Decadent Heliopora flats. Includes scraggly truncated Heliopora, a few other 


species of coral, and green algae, interspersed on surface of limesand 


and gravel. 


Dead Heliopora flats. Elevated, truncated, dead Heliopora reef flats. Es- 
sentially the same as the foregoing, but inundated only at high tide and 
thus with no living Heliopora. 


Heliopora—Porites reef zone. Living reef area, mainly Heliopora, in large 


flat-topned heads crusted with Porites and crustose corallines. 
Sandy reef zone. Mostly clean limesand with occasional living and dead coral 


at lagoonward margins of extensive leeward reef areas. 


Intertidai to lagoonal environments 
Thalassia flats and shoals. Dirty limesand with clusters or continuous mats 


of the turtle grass Thalassia. Commonly also with much of the green. 


alga Microdictyon, the latter mostly unattached. the sea cucumber 
Holothuria atra Jager is locally very abundant. 
Rocky flats and shoals. Bottom mostly of dead coral-algal rock patchily 
| veneered with gravel and sand. Scattered but fair representation of 


living coral dominated by stubbily branching Acropora and Pocillopora 


and locally by hassock-like Porites. Circular patches of the marine 
grass Thalassia and the green alga MMicrodictyon occur locally at the 
beachward margin in the inner lagoon, and the brown alga Turbinaria is 
abundant at places. Holothuria atra is locaily abundant. 
Corslliferous rocky shoal bottom. Bottom similar to that of "rocky flats 
and shoals," but with fairly abundant living coral patches wherein 


stubbily branching Acropora and Pocillopora are dominant. 
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Enclosed inlet. Area walled off as pair of fish ponds. Supports thick 
growth of turtle grass Thalassia and many fish, including small sharks 
and an unknown fish that is much feared by the natives (apparently not 
a barracuda, to judge from the description, but was not seen by our 
field party). This area was not explored er sounded, but it is reported 
by the native, Kane, to be generally under 4 feet and nowhere more than 


9 feet deep at low tide. 


Environments of the lagoon and leeward shelf 
The following units comprise a continuously variable sequence with more 
than usually indefinite boundaries: 

Limesand_ bottom. Mostly clean limesand bottom at depths greater than 2 
fathoms, living coral present locally. 

Conspicuous lagoon patch reefs. Patch reefs of varied coral types and subor- 
dinate coralline algae, over 200 feet in diameter. Reef symbol on figure 
2 used to indicate parts that are awash or nearly awash at low tide. 

Limesand with scattered patch reefs. Mostly clean limesand floor, above which 
rise small scattered coral-—algal patch reefs and pinnacles. Purely ar-— 
bitrary and grades imperceptibly to limesand and patch reefs. 

Limesand and patch reefs. Smail patch reefs of varied coral types and sub- 
ordinate coralline algae abundant but areally exceeded by limesand floor. 
Grades to "varied patch reefs and limesand," "Heliopora patch reefs and 
limesand," and "limesand with scattered patch reefs." 

Varied patch reefs aad limesand. Small patch reefs of varied coral types and 
subordinate coralline algae very abundant and only narrowly separated 


by areas of limesand floor. 
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Algal patch reefs and limesand. Abundant patch reefs of massive coralline 
algae and varied coral types presumably rising above limesand floor 
(bottom between reefs not observed or sampled). 

Heliopora patch reefs and Jimesand. Abundant patch reefs consisting mainly 
of Heliopora in tree- and cendelabra-lilte growths that produce a forest— 


like underwater scenery. In vart the Heliopora patches are extensively 


asked by overgrowth of otner coral types, and locally the patch reefs 
are of varied coral types. For the most part, intervening limesand 
bottom only narrowly separates individual patch reefs. 

Varied bottom with scattered larger patch reefs. Subcircular vatch reefs 
100 to 300 feet in diameter scattered on bottom of limesend and iimesiit 
with irregular low patches and small patch reefs of living coral and 
locally with abundant Halimeda. Depths between natch reefs mustly more 
than 3 fathoms, ranging to more than 7 fathoms locally. At shallow 
margin are several ridge-like patch reefs up to half a mile long. 

Coral plantations. Coral and subordinate coralline algee essentially con- 
tinuous or intimately intermingled with areas of dead coral on irregular 


bottom. Acropora the cominant genus in ereés observed. 


Limesand patenes in cori plantations. Extensive areas of limesand and minor 


patches of coral within coral plantations. 
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The marine biological work on Onotoa is divisible into five portions: 


le 


26 
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The investigation of shallow water ecological associations, re= 
ported herein: 

A. The ecology of the windward reef. 

B. The ecology of the lagoon reefs and shores. 

The investigation of the deeper water ecological associations, to be 
reported by Dr. Preston E. Cloud, Jr. 

The investigation of the marine algae, to be reported by Dr. Edwin 
Moul. 

The investigation of the ichthyofama, reported by Mr. John Randall 
and appended to this report. 


The native use of the marine invertebrates for food, reported hereine 


liy portion of the study, the marine invertebrates, was severely limited 


by an attack of blood poisoning and a subsequent attack of influenza that 


resulted from attempting to do field work when not fully recovered from the 


first illness; as a result of these two illnesses, over five of the ten weeks 


spent on Onotoa were lost and the investigations made were neither as thorough 


nor as extensive as planned. 


The following reports are preliminary, and should be taken to show merely 


the extent of the work done. The identifications are rield idmtirications 


and must be confirmed by experts, with the exception of some of the molluges 


which have already been identified by R. Tucker Abbott of the U. S. National 


Museums and no conclusions are incorporated in the reports. When these 


reports are published the deficiencies will be corrected. 
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PART I 
a 


WINDWARD REEF TRANSECT 


The windward reef on Oaetas ais ound along the northern, eastern and 
southern shores of the atoll, presenting an aineet unbroken barricade against 
the force of the prevailing waves. It varies in width from three or four 
hundred feet to over a quarter of a mile and is more extensively developed 
eeound the BOL eeern island than around the northern. As it is of quite miform 
height, structure and biotic zones, a single transect across its surface was 
deemed to be indicative of the general ecology of the reef. 

Conditions of tho Reef 

The inshore border of the reef is composed either of consolidated and 
eroded coral rock or moderately fine sand with the uwoper edge extending to the 
maximun height of the storm waves and the lower edge varying but usually about 
the 2.0 to 2.5 foot tide level. Beyond this steep shoreward area the reef 
flat extends to a uniform area of slight slope, with freauent smail to large 
Ee ies tools of water left at low tide. the reef flat in the trangect 
studied was 650 feet broad. Seaward of the reef flat is a 2 depression, the 
backeridge trough, between 50 and 100 feet wide and ranging in depth from 
about the # 0.2 to the - 1.5 foot tidal level. The final edge of the reef 
is the coralline ridge (or Lithothamnion ridse by previous workers), a 
rampart between 1.0 and 2.0 feet above the zero tide and 50 - 100 feet broad. 
Its shoreward edge presenvs an almost continuous front of recdish coralline 

algae, but on its seaward side soon develop deen fissures or surge channels 
at right angles to the shore that reach six or more feet below the surface 
of the reef? and eae are of varying width, widening as they reach seawarde 


The seaward edge of the coralline ridge thus separates into a series of 


separate and depressed fingers that finally slope rapidly dow to the growing 
reef surface below, The outermost reef or the reef shelf is relatively 
narrow, about three hundred feet wide, and slopes rather rapidly from about 
ten feet deep on the shorevard side to over thirty or thirty five feet deep 

on the seaward side; it consists of living coral growing in-irregular moumds 
with areas Hebieen the heads strerm with dead coral fragments. Beyond this 
reef shelf the eee Grops suddenly away, at a slope of perhaps more than 5° 
and soon disappears in the turbid waters; this last zone was not explored at 
all. 
| The windward reef facing the trade winds sustains the almost continuous — 
beating of the waves. At low tide the waves are broken against the coralline. 
ridge and only slight waves are. felt in the backridge trough. However, when 
the tide is Went only a portion of the strong waves is expended against the 
coralline ridge and the adjacent trough and moderate sized waves sweep across 
the reef flat, carrying enough energy to move coral rocks a foot or two in 
diameter e 

The reef flat from the coralline ridge back is the evident result of the © 
souueiiaaaan of a living coral reef, chiefly of Heliopora, by coralline 
algae; in almost all areas the old Heliovora is completely dead and covered 
with the algae to make an aliiost table=like top, This top, however, is 
pitted with small to large depressions, and in many areas perforated by 
burrous leading dorm among the old coral fronds. 

Animals a pis pens the flat are subjected to many biological vicissitudes 
in addition to the action of waves. In the inshore. area especially the reef 
flat is exnosad to the air for several hours at a time at the lower low waters, 
and those animals that cannot migrate to the shallow pools: must be abie to 
withstand this period of dessication. Those :animals in the pools, as well 


as those exposed to the air must also be able to withstand great changes in > 


Se 


salinity of their environment, for the high tide has the normal ocean salinity, 
while the low tide may expose them to torrential rains which would lower the 
salinity of the topmost layers at least to almost zero. However, because of 
the difference in specific gravity and the absence of agitation in these small 
ace of water it is likely that the bottoms of the pools and the burrows in 
the rock especially maintain their normal salinity. 

| Probably the most We ee ree change the animals are subjected to 
is the change in temperature for the cark reef surface on low tides is exposed 
for long periods to the tropical sun. At these times the water in the inshore 
pools become hot to the touch (studies on temperature made by Strasburg will 
_be renorted by Cloud): yet with the flooding tide the temperature will drop 
perhaps 15° in a few minutes. . 

Previous studies have shorm that the oxygen content of the water over the 
reef at high tide and in the pools at low tide is always near if not above its 
saturation value. But as the temperature rises this saturation value, in grams 
of oxygen per liter of sea water, decreases rapidly, so the reef inhabitants 
must be able to adjust to less than normal oxygen. 

Tio biological conditions of the pee flat should be mentioned as in- 
fluencing its ecology. in the first place the reef surface not in the small 
tide pools is covered in most areas by a dense algal mat that affords botna food 
and Boeken for the inhabitants; this was particularly true in the middle and 
outer portions of the reef flat. Secondly, while fe larger predators and 
scavengers like fee fish, lobster and crabs were found while the survey was 
conducted at low tide, ae moved onto the reef at high tide. 

Methods and Limitations of the Study: 
| The objects of the investigation were to find the transition of dominant 


forms over the reef surface, and, if possible, to designate sharply delimited 


-3- 


zones on the reef through a eee study. 

On the main reef flat the study was conducted by laying out a series of | 
continuous stations, twenty fect wide and fifty feet long, and within thea 
Se extending the length of the station one or two feet wide. ‘“lithin the 


smaller area all animals were collected and comted; the larger area was then 


inspected for larger but less common animals like the larger snails, sea 


cucumbers, etc. Then areas in the same tidel zone adjacent to the studied 
area were superficially exarrined to see if the zone selected was typical; it 


was found so in all cases. 


In the inshore beach area, in the packridge trough, and over the offshore 
shelf no quantitative study was attempted because of difficulty in obtaining 
either enough animals in a typical area or because of the difficulty in laying 
out an area for study and collecting it (as in twenty to thirty feet of water). 
Because of poor tides and poor weather conditions when it was possible for me 
to do field work, almost no study was made on the coralline ridge at all, | 

The limitations of the study are: 

1. The study is limited to macroscopic invertebrates; no microscopic — 
forms of life nor any fish are considered. lire Randall did a parallel study 
on fish and will report it separately, 

2. Concerned as it is with the dominant animals, this study omits the 
more rare animals. 

3. All identifications of animals are but field identifications, and will 


be corrected uvon the identification by experts. 


he The study is limited by necessity to the ore superficially occurring 
animals; it wes impossible to explore the tubes reaching dowm from the con- 


solidated surface of the reef, 


5. No statistical checks have been applied to the quantitative results, 
and they should be accepted merely as rovgh indications rather than accurate 
stabistics; in other words, a similar section two hundred feet away might 
give different figures, but would show the same trend. 

Transect ee 
Area A-O3; Shoreward beach, 

The well-denarlced cr extends from about 205 feet to about 8-10 feet 
above the zero tide zone. It is divisible into sa different habitats, the 
sand beach composed of loose and shifting sand, and the rock beach consisting 
of consolidated grea and beach rock, eroded and with some small tidal pools. 

‘The sand beach is the habitat only for Ocypode ceratophthalma, the 
"shost crab" that lives in deep burrows by day; also at night terrestrial . 
hermit crabs migrate dorm to the upper zones of the beach. 

the rock Beach inhabited by Grapsus grapsus in fair numbers, some 
identified hermit crabs, and large numbers of *Nerita plicata (species marked * 
indicates the identification has been confirmed by R. Tucker Abbott.) 

Areas A=1 to A=1). 

| These stations covered the reef-flat and present roughly the same type 
of substrate. The surface is relatively smooth, being built up by the con- 
‘solidation of the individual heads and fronds of coral by coralline algae, 
Its surface is pitted with small shallow depressions in which water stands 
at low tides; these are usually less than a square foot in area and not over 
about three inches deepe The exposed surface of the coral and in sane areas 
the tidal pools, are usually covered with a more or less dense growth of algae 
(to be reported by Dr. Moul). ‘The exceptions to these generalizations are 
in the back-ridge trough (areas A-13 and A-1),) where the surface is below 
the level of the lowest tides. Areas A-7 and A-8 and A-9 were at least in 
part covered by a single extensive tide pool; in these areas a few living 


Pieces of Heliopora were still growing uncovered by coralline algae. 


Liles 


- TRANSECT, WINDWARD REEF FLAT 


Stations A-1 to A-1 
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In the tabulations below those animals not quantitatively estimated and 
those animals that are rare, scattered or very irregular in their occurrence 
(as would be those fomd only in the occasional loose coral boulders) are in- 
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Coralline ridges Ia situs 8 ; | 

The topographical features of this ridge are described above. Unfor-= 
tunately aes and waves Wace ee perme an examination, neither quantitative. 
nor per ae of ne Eas ‘of this gone. The relatively shes surface of 
the coralline algae did Tom omeee any..protection for animal life; the shifting 
"rocks at the bottom of the surge charinels offered less. However, reaching into 
the ass of the coralline algae were numerous openings, and within the os 
were chambers in which many animals lived. In: this habitat Wee found such 
animals as Echinometra mathel, Heterocentrosus: SPs and several species of 
xanthid crabse 
Reef Shelf, . A) Ape 

This area, lying beyond the outer edge of eis Woralline Fides, was 
estimated to:be.about 300 feet.:ride, from 8-10 feet deep at the coralline ~ 
ridge to about 30 feet deep where the bottom begins to drop away abruptly. 
In this area no invertebrates other than corals were observed, and no 
facilities were available to transport heads of coral to shore for Porcher 
examination; however, numerous, holes were noted in the coral floor where 
crustaceans, worms and other forms could have lived. | 

The coral on the shelf was voughly zoned, with the goranane species in 
the shallower water near the coraltine ridge being Pocillopora meandrina, 
and in the deeper water of the middle and outer shelf, Seeeties of Acropora.s 
In the middle and outer mometede of the shelf ebbeaine heads of Porites lobata | 
were conspicuous. Among the onner corals fone aap this area were all of 


those reported froii the backeridge trough and some small specimens of 


' Stylaster growing on the mdersides of coral heads in twenty feet or more of 


water. Large areas of the bottom were covered. with dead, loose fronds of 


Acropora. 
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SHALLOT WATER LAGOON REGIONS AND ADJACINT AREAS” 


AREAS NOT IN LAGOON. 
Ey Leeward Tsland Reef. 

This area lies to the lee of the ends of the alee, een ana Rycpclniasiese 
of Tabaurorae and its northern reef, The regions faunisticelly approach the 
windward reef but on them there is not a We asvelioned reef flat and no 
backridge Hele or coralline ridge whatsoever, but instead cuanges at places 
quite abruptly into conditions similar to the reef shelf off the tees 
reef. In water of moderate depths -= tio to five feet -- the major elements 
of the fauna are the same as the backridge trough on the windward reef. 

The major exception to these generalities “aS in the region northward of 
the , lieLiopora flats off Anteuma; here, ne conditions are similar to the 
area. Ce the reef to the zest of Abenecnec Island (to be described by 
Bes Cloud). 

if. Seg OE ES 

The BEES s designated 4 as Heliopora fens are found in a _ protected region 

behind the. amend reef at ane sou th end of the north island and. northnest of 
; the tip of the Hoth island, | | 
| The Sommers Helionora flat consists of an Seren save tide pool avout 800 
feet in diameter, protected on the oceanside by a cele eepeiine poulder 
ridge, and by elevated sand and boulder Wereesa Tefeisuits) (o)9\ vhe other sides. 

The bottom ce the pool is eka re to be about the 0,0 y uidat level, and the 
water stands about trelve se) eighteen inches fee The bottom is sand. The 
oat animal is Jieldoporay vith one heac about every square Joos Porites 


SP. is perhaps a ee as plentiful. Other corals, all infrequent, include 


ia Ae a 


Orbicella, Pocillopora, Leptoria, On the exposed sand bottom no animals ex« 
cept Holothuria atra-are conspicuouse Other invertebrates are found in two 
habitats » 

A. Under coral heads. Here are fowmd stomatopods (Pseudosaut la 
ciliata), Tethys, two species of tmicates, four species of holothumaadel 
Thais hippocastanum, and several species of breehrenen crabs. 

B. In coral heads. Here the dominant forms are crangonid shrimps and 
small xanthid crabs. Encrusting sponges of various types are sae black 
; palendal. tmicates are plentiful; one head only showed numerous Seid sea 
anemones. Annelid worms, both Errantia and Sedentaria, are noder geome common » 
Several species of clams, including *Isognomon spe and sBarbatia benelen eee 
found between the inner branches of the coral. 

The northern Heliopora flat is famistically similar to the southern, 
with the same eeu ici, However, it shows the transition, on its inner 
side, between a eaten Heliopora flat as peseriven above with infrequent 
heads of Heliopora BE OULS from the sand bottom, through a condition where 
the Heliopora is growing thickly and the top ends were ‘being consolidated = 
coralline algae, to a consolidated condition like thee described in saetien 
- A-8 of the windward reef. In the labyrinthian prenek below the ounreee con= 
solidation are numerous small fish. (n the outer fee tess piees orachentee 
“change in a moderately deep water coral association eh passages between the 
coral six or more feet deep». | 

III. Gravee Flats. 

These areas of shingle -- Pinpesied and waveworn coral rocks ee in 
regions where the waves and the currents are strong enough to sweep aay the 
sand. These conditions are found in the passes between’ the islands, as in the 
three passes ‘between North Tsland Ane South Island, and He. two passes Wnt 


of South Island. The size of the rocks varies with location, being large 


ashe 


where there is an wmbroken sweep of the water, as betireen the windward side 

of the Abenecnec passes, and gradually changing into fine gravel on the 

more protected extensions of the current, as to the west end of the southern 
tip of North Island, which in turn is replaced by the fine sand characteristic 
of the Zagoon. All shingle areas inspected were above the 0.0 tidal zone, and 
in places extended up to the edge of the terrestrial flora. In some portions 
of the passes there were developed broad shallow.tidal pools, with a bottom of 
finer rocks or sand. 

\ithout exception these actual pass areas were found to be devoid of 
larger animals; even the tidal pools appeared lifeless, However, where there 
was slight protection either from islands or fron bars, there was a feeble 
“fauna developed, inith some xanthid crabs, a few sponges and heads of Porites 
“in the tidal pools. In the fine gravel zones, transitional between the shingle 
‘and the lagoon sand, some life was found in the levéis near tne zero tide zone. 
Burrowing into the dead coral reef under these areas were foumd sipunculids and 
annelids; in the small shallow tidal pools were fod occasional brittle stars, 


solitary zooanthids and small crabs under the scattered loose boulders. 


LAGOON AREAS 
IV. Sand Foreshore. 

Along the lagoon side of the island the foreshore, from about the two 
foot tidal level up alternates bettreen fine sand ane consolidated beach rock 
with more areas of beachrock off the northern island and more sand off the 
southern. Only near the tips of the islands and around smaller islands like 
Anteuma and Abenecnec are these two characteristic beach fommtion replaced 
by coral shingle. The sand foreshore is devoid of life except for occasional 


ghost crabs Ocypode ceratophthalma the same species that is found much more 
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ee 


venti ally on ee vrindvard sand beach, | 
Ve Beach-t rock Foreshore. 

Alternating with Sie ane. foreshore are areas where the elevated eee ’ 
rock of the islandts base is exposed by wave action. This slab is eroded on 
the top surface Lite the typical cupped pattern, and often is mdercut along 
the lower edge by wave action and ‘possibly solution by fresh water from the 
island isnt At places, especially in the lower tidal zones, the mdercutting 
has proceeded far enough so that slabs up to several. feet or more long have 


broken off from the base rock and lie free on the substrate of either beach- 


rock or of sand. 

Animal communities in this nabitat when the tide is out are subjected to | 
dessication aa heat, to rain and especially to the flowing fresh water, common 
all along the shore; thon’ the tide is in, to moderate wave action (except, 
possibly curing periods ‘of storms from the vest when the wave action would be 
vigorous). 

The rocks can be subdivided into four. associations: 

AG etirhe id esabicachanoek areas This is above about the 2.5 foot tidal | 

} 

zone and is almost devoid of life except for“Nerita plicata and Grapsus prapsus, | 
neither as common as on the similar eke on the <rindvard side of the island. | 

B. Lower, Deach-rock area, rocks lying on solid substrate or undercut 
‘solid rocks These rocks lie betteen the 0.0 and 2.5 tidal zones. In them 
are found burrowing sipmmculid yorms; near the edges of fhe rocks are numerous 
Holothuria atra and less numerous Holothuria monocaria, some colonies of 
colonial tunicates and some sponges; under them are numerous crabs of at 
least four’ species, four or more epeeies en crangonid shrimps, very few 


Bot, ga 3 
= fro 


hermit érabs, and no wormlse 


es 


Ce Lower beach=rock, rocks lying on sand. These are in the same zone 
= B above, but lie inith the base imbedded in the sand. About their edgus is 
the common Holothuria atra and clusters. of zooanthids ; in burrows under them 
in the sand are numerous large worms of the genus Eurythoe and three species of 
crangonid shrimps. 

De. Lower beach=rock, suspended rocks, These, lying with one end on other 
ees leave a large surface underneath open to free circulation of water or 
air, and protection from the sun and rain. On this surface, hanging dow, are 
hydroid colonies in profusion, and some colonial timicates, a few sponges. 

VI iiud Mats. 

In a short narrow area along the middle of the North Island, belo: the 
foresnore and behind the incipient beach=rock (VIi) there is a mud flate The 
height of the mud flat is slightly above the zero tide level, The mud is soft, 
so that a person walking over it would sink betweon ankle and knee-deep; 
slippery with little admixture of sand, and rich in organic matter whose 
decomposition gives it tne characteristic odor of hydrogen sulfides 

In this mud flat proper is only one species visible, the brilliantly 
colored fiddler crab, living in burrows. In areas transitional between the 
mud flat and the sand are found some burrows of stomatonods. ‘There were no 
traces of armelid burrows or of other macroscopic lite. 

VII Incipient Beach-rock 

i small erea off middle of the northern island, bomded inshore by the 
mudflats (VI) and off shore and at the ends by sand flats or turtle grass 
(VIII and IX), is composed of beach-rock in the process of formation, according 
to Dre Cloud, The rock is aaah, or almost as firm as the typical elevated 
beach rock (V) but its surface, near the zero tide zone, was roughly eroded 


like the more exposed rock (IV-A). 


aleiec 


In protected areas in the rock, as in deeper cusps, in fissures and 
under the occasional loose rocks are the following snails: *Thais hippocas- 
tanun; “Mitra vingata and *M, Litterata;"mathiun chilorostomm and *comus 
hebracuse Under the rocks are numerous ieee erabs.. Burrowing into the 
rock were sipunculoid worms and sea anemones were foud in .protected tenes 
tions where they were living in shallow pits that precisely fitted the basal 
portions of their colwms. In shallow but rather long burrows that they 
have either excavated or taken are the large red-eyed crabs and fiddler crabs3 
at thie entrance of these burrows were vast numbers of Collembola. 

VIII Sand meee. 

The most extensive habitat in the lagoon is the sand flat. These flats 
run from the inshore beach along the three major.islands extending as a broad, 
almost level, flat from the inshore beach: outwards for several hundred feet 
wide to a half mile or more. On. the outward edge they either continue as the 
sand bottom of the lagoon or are covered by turtle grass (IX), or are de- 
marked by a decadent coral reef (X). The portions of this area described 
below run from about two.feet above to several feet below the zero tidal zone. 
The sand varies from less than an inch thick, covering old coral reef, to at 
dened several feet thick. | 

The fama of. this zone varies with the depth in the tidal zone, the fine- 
ness of sand paBidlenes, the amount of wave action, and with the depth of the 
sand. The differences in the fauna are not well demarked and most often are 
quantitative ae than qualitative -~ the same species present in most areas, 
but varying in relative abundance. Of course, with the difference in depth 
the fama changed markedly; for example, in the highest portion here considered 


(some tidal pools in the middle tidal zone off Anteuma), the only elements of 


{ 
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ihe pales left were the Enteropneustan, Ptychodera, and on the other hand, be- 
Low wie ~1.,.0 tide level solteny heads of coral would reach up above the sur- 
rounding sande 
These solitary heads of coral in this area, like those in the Turtle grass 
area, constituted microenvironments markedly different from the surrowmding 
ae For that reason they, are considered as a separate subdivision below. 
A. Sand area proper, fauna: 
Porifera: Purple sponge, igen sponge (two kinds), orange sponges 
Coelenterata: Zooanthids (corals considered below). 
Annelida: Tubeworms with leathery tubes and with sand tubess two 
species of Errantia; small and giant sipmculids. 
Crustacea: lLysiosquilla maculata; Callianassids, Calappa sp. 
Mollusca: . (Note: remarkably few traces of living mollusca were 
found, although dead shells were seen in some areas; this may 
be attributed to the fact that most of the sand flat molluscs 
are esteened as food by the Gilbertese.) Clams, various 
species. including “Cafrariun pectinata, *“Tellina crassiplicata, 
“Tellina sp., ‘Nautica sp., various saeekes of Mitra, Terebra, 
Cymathiun, Trochus .» 
Echinodermata: 
Holothuria. atra (extremely common in some areas, coumted at 
5-15 per square yard). 
Chordata: 
Ptychodera Spe 
Be Isolated coral heads, fauna: 


Porifera: same as aboves 


Coelenterata: Porites spe (dominant); .Pocillopora damicormis; 
Acropora servicornis; Orbicella; other corals in lesser 
numbers. 

Pennaria.s 

Amelida: Tube worms in limy tubes; sipunculids. 

Crustaceas Crangonids, various species; brachyuran erabse 

Mollusca: Cyprea erosa, “Monetaria moneta, “Barbatia anygdalumtostum. 


Chordata: Colonial tunicates. 


Xe Turtle Grass 
Large areas =a the agirthorn part of fhe lagesn and portions of the southern | 
lagoon are dominated by Turtle Grass (Thallasia spe) which extends over the 
sand bottom from water about at the zero tide line or a little above to six 
or ten fe set below the surface. The Turtle Grass, which makes a dense stand 
oe the northern eel~grass (Zoste tera), eotdom grous over a foot or more highs 
its creeping rhizomes make a Benes interwoven mat in the Sand substrate. In 


Taek 
the southem portion of the “Lagoon ce area is ae e to the growth of 


one. ‘plant, and in general it is limited to a rellaraveiiy narrow zone near the 
shore of the islands in the middle of the lagoon, off he passes between 
North and South Island and the adjacent areas, and ‘off Tabuarorae and the ; 
southnestermiost portion of the lagoon there is no turtle Grass whatsoever « 

The Turtle Grass proper is relatively devada. of invertebrate life. On 
the fronds of the grass are found black colonial tunicates and occasional 
sponges of several types; about the bases of the grass are more sponges of 
the same type and, most abundant in many areas, 4 papillose green-black 


holothurian. It was impossible, once digging was started, to dig out the 
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few burrowing animals detected because of the clouds of fine silt that 
‘rendered mdervater vision impossible, The burrowing animals, however, are 
few in number and appeared to be limited to a small squillid (Lysiosquilla) 
and some burrowing worms, 

In the deeper portions of the Turtle Grass beds, especially in the area 
off the northern island, there apnear solitary and separated coral masses, like 
islands in a sea of grass, These isolated masses are rich in life, both fish 
and invertebrate, They evidently are made wo primarily of Forites, but they 
are covered in a large extent by other corals iike Acropora, Pocillopora, 
Orbicella, etc. The invertebrate fama is in general saree to the fauna 


of coral heads in the sand beach area (VIII-B). 


X. Decadent Coral Reef. 

Tm many arees the sand flats grade gradually into a region of dead coral 
reefs that lie between # 1.0 and - 1.0 tidal level, These areas appear to be 
those where the wave action and current action is stronger, sweeping the 
veneer of sand from the harder substrate. Thev are found to the southeast of 
Anteuma; off the southern portion of the North Island and the northern portion 
of the South Island and the passages between; and they are extensively de- 
veloped off Tabuarorae and in the southwestein portions of the lagoon, 

The decacent to dead coral reefs present a variety of habitats for in-= 
vertebrates: on the hard coral there are places of attachment, protected 
and unprotected, for sessile forms; in naturally occurring spaces and in 
burrows in the coral there are places for the smaller invertebrates to hide; 
in the areas between the neads of coral, cither broken off as the reef was 
growing or subsequently eroded from the reef surface are pockets of sand and 


gravel to accommodate burrowing forms; these pockets, some of them many feet 
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long, retain water when the tide is out and provide a tidal pool for the 


protection of its inhabitants. For this reason the fama of the area is more 


diverse than any other area of the lagoon; however, with few exceptions, no 


elements of the fama are exceedingly common: 


Poriferaz Yellow to red encrusting sponges, several 


species 

Black, rounded sponge 

Orange upstanding sponge 
Coelenterata: 


Pennaria 


Porites, living 
Pocillopora damicornis 
Annelida: 
Viorms in Liny tubes, two species 
Burroiring Errantia, 1 specimen 
Sipunculus sp. 
Crustacea: 


Crangon, and other genera 


Brachyuran crabs (other than Portwmids) 


(Portunids) 
Hermit Crabs 
Gastropveda: 
“Conus tebraeus 
Conus flavidus 
*Yonetaria moneta 
Nudibranch 
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Moderately common 
Uncommon 


Uncommon 


Common on undersides 
of coral overhangs. 


Uncomnon 


Unconmon 


Uncommon 
Uncommon 


Common 


Uncommon 
Uncommon 
(iioderately common ) 


Rare 


Uncommon 

Rare 

Moderately common 
Rare 

Rare 


Rare 


Pelecypoda: 
“Barbatia anygdalumtostun 
“Isognomon perna 
*“Pinctada vulgaris 
+Jelina SP 
Echinodermata : : 
Brittle Stars (as in \-2 windward reef) 


Holothuria atra _ 


Papillose sea cucumber (as in IX above) 
Chordata: 
Ptychodera 


Encrusting compound tunicate,-three species 


meh 


Uncormon 
Common 
Common _ 
Rare 


Rare 


Common 
Rare 


Abundant in tide- 
pools at inner edge 
of area (60 in one 
pool of about 60 
square feet); other- 
wise rares 


Rare 


Rare 


Rare to common, 
according to the 
species. 


iE 
GILBERTESE UTILIZATION OF INVERTEBRATES 


Cne of the important phases of a study of a native peoples’ is the study 
of the focd rescurces available to the people, and of their utilization of 
these recom This is especiaily true of the inhabitants of a coral 
atoll, where the food resources at best are somewhat limited, and where, on a 
small dry and ererpapmlatad atoll like Onotoa, these resources may be the 
deciding factor in social structure and even of life and death. 

On Onotoa the population had available three sources of‘fodds the con= 
ventional land produce, plant and animal which obviously was inadequate to 
support the island's population, especially in times of droughts; the marine 
fisheri.es, apparently the chief source of protein in the native diets and 
one of the main sources of calories; and finally, the marine invertebrates, | 
which appeared:to be at best merely a supplementary source of food, gathered 
primarily either wha fortuitous occasions arose, like low tides at night 
for ote collection of lobsters, or to serve as mere variations in the usual 
diet of coconut=pancanus-*ish. 

However, this study will give some indication of the extemt that the 
Onotoans are utilizing most of the available resources as food. 

Methods and Limitations of the Studys 

This study was carried on to large part when I was immobilized by 
blood=poisoning. A native assistant was assigned to help me when he was 
not busy with other jobs; he was willing and cooperative, but the study was 
inhibited by his most imperfect English and my total lack of Gilbertese; at 


times an interpreter was used to bridge the gap. 
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The study, in its original phasesy consisted of looking at pictures in 
illustrated books of marine life. Later, upon finding that that system was 
inaccurate because of the inability of natives to interpret correctly the 
illustrations, all information was gathered by showing the natives actual 
i specimens, specimens that were either collected for us by our native assistants 
ae by ourselves. 

The study has three major limitations and sources of inaccuracies. 

First is the probability that we were unable to find all of the foods of the 
people because we had neither illustrations nor specimens of them, and our 
informants did not discuss them because of the language limitations. Second 
because of their "irillingness to please" the natives included animals that 
possibly were not eaten, or that were eaten only under extreme famine con= 
ditions, To remove this possibility several natives were checked, one against 
another, in as many instances as possible, Third is that not all individuals 
or family groups utilize the invertebrate foods as much as others -=- like in 
our own society some families eat crabs but others would not consider thems 
Perhaps my informants were not among those who knew and eens all of the 
foods found on the reefs and shores of Onotoa, I did opserve on some of the 
food species that there was no agreemmt as to the native names for example, 
I received three native names for the snail Quimalea pomum. This would seem 


to indicate that it was not a common article of food, 


Systematic Account 


Scientific Name Notes 
Native Name 


1. Coelenterata~Sewphozoe. These large (10-12") seyphomedusae 
(Carybdea alata Reynaud) : 


occurred at a moderate tide slightly 


Te Baitari before tne full of the moons reportedly 


Olas 


Annelida-Sipunculoidea 
2. Sipunculus indicus Peters 


Te Ibo 


they occurred at similar phases of 

the moon throughout the year. They: 
are gathered on the windward reef by 
wading women and children who either 
put them in baskets or string them on 
pandanus fibers, In vreparation the 
outer layers of jelly are stripped 
off, the oral and aboral ends removed 
and only the remaining material -- the 
muscular coat of the gastro-vascular 
cavity is saved. The cleaned material 
is thus 6-8 inches long, 14 inches 
broad and about 1/8 inch thick, It is 
revorted that this is boiled to form a 


rather sticky "soup". 


These are found burrowing in sand flats 
of the lagoon, They are one to two 
feet long and the diameter of a man's 
little finger. ‘hen the native, 
usually a man, finds a hole and - 
casting made by the worm he probes 

he sand behind it with a flexible 

and sharpened young root of a pan- 


danus; this, when hitting the vertical 


portion of the worm burrow follows 


dorm the tube. When the worm is touched 


Arthropoda, Crustacea-Stomatopoda 


3e 


Te Waro 


Lysiosquilla maculata 


by the tip of the probe, it is thrust 
with vigour and penetrates with the 
introvert into the anterior body pocket, 
securely holding the orm, The worm is 
then dug from the tube, The probe is 
jerked out, rupturing the anterior body 
wall of the worm. Then the worm is 
seized by the back end and snapped like 
a whip, completely eviscerating it and 
leaving nothing but the thick muscular 
coat. This is washed and eaten rat, 
cooked by boiling or dried for future 


US€e 


This large stomatopod (about 1 foot 
long) is found only burrowed in the 
sand in the lagoon, It is caught by 
both men and women by placing a spear 
in the sand so that it is in line with 
the hole; a piece of fish is placed at 
the entrance of the burrow as a lure, a 
noise is made to attract its attention, 
and as the stomatopod comes to the mouth 
of the burrow to strike the bait, the 
spear is thrust home. The animal is 


cooked and all except the viscera wmder 
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le Psevdosquilla ciliata 
(and other species) 


Te Waro (as above) 


Decapoda 
5s Crangon strenims: (Dana) 


Tenitarowaro 


6. Panulirus pencillatus (Oliver) 


Te Ura 


the carapace is eaten. 

All smaller stomatopods when captured 2 
are eaten; they run from one to four 
inches long. The principal source of 
these stomatopods is mder rocks on the 
windward reef flat, where they are 
gathered by hand or by small scoop nets 
together with shrimps, etc. They are 
gathered principally by tromen. Method 


of preparation as in 3 above. 


(Note: this Gilbertese name evidently 
includes other genera and species of 
chelate shrimp and lobster-like 
epushaceans but the only form observed 
Lob aeeen serene, - These range in 
size from one inch eo fourteen inches 
long and are caught by all members of 
the family near the back=ridge trough 
of the windward reef in small nets when 
torch-fishing. They are boiled and both 
the cephalothorax and ebdomen are eatene 
This lobster rims from six to eighteen 
inches long.e It is caught along the 
windward reef by men and women either 


during the day when the tide is out or 


Pay 1h 


To 


8. 


10. 


Parabaccus antarcticus (Iimd) 


Te Mnawa 


Bireus lLatro 


Te Ail 


Geocaroides Spe 


Te liana 


(Terrestrial Hermit Crabs) 


Te ilakauro 


over the reer surface at night, when 
torch fishing. Dip nets are used for 
its capture. It is boiled and the 
abdomen, portions of the cephalotnorax, 
and legs are eaten, 

The sand lobster reaches the length of 
nine inches; it is caught, prepared and 
eaten in the same way ae ao Ge 

These coconut crabs are entirely terres- 
trial and are fomd by day in burrows. 
They are dug out only by men. lhen 
boiled the abdomen and legs are eaten, 
These large land crabs are found only 
on the North ends of both major islands 
of Onotoa, They are caught by men and 
women at night by torch light in the 
middle of the isiand. They are boiled 
and. eaten like other crabs (see below). 
Tkese are small terrestrial hermit crabs 
that live in the shells of Turbo, etc. 
They are caught either by day or by 
nicht, the latter time by torch light. 
Only children irere observed gathering 
then. They are boiled end the abdomen 


alone is eaten. 
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Vee 


36 


Lhe 


156 


Galappa hepatica (L.) 


Tennonno © 


These sand crabs reach the breadth of 
about 3", They are captured in the sand 
of the lagoon when the tide is. out by ~ 
feeling for them under the sand with the 
hands or feet. Everyone helps in their 
capture, They are boiled and the legs 


alone are eatete- 


“Charybdis erythrodactyla (Lamark)These crabs are six to eight inches 


Tentabarereki 


Carpilius maculatus (L.) 


Te Iba Taburinai 


(Unidentified crab) 


Te Nikarewerewe 


(Red-eyed: crab) 


Tentababa 


broad across the carapace and found 
both on the windward-reef and in the 
lagoone They are gathered by anyone 


finding them and boileds the legs and the 


ventral portion of the cephalothorax is 
eatene 

These crabs are found only on the 
windward reef when the tide is out by 
day or at night by torchfishings only 
adults catch them, either by nets or by 
hand. They are boiled and eaten as abovee 
These crabs are about 6-7" across the 
carapace, and their habitat, mode of 
capture and preparation are the same 
as 13. 

These crabs are found high in the 
intertidal zone on both windward and 


leeward beaches, wnderneath beachrock3 


ae 


16. Ocypode ceratophthalma (Pallas) 


17. 


Te Kauki 


Zozymus aeneus Le 


Te Kukua 


jiollusca, Gastropoda 


anes 


Trochus, all species 


Te Baraitoa 


they reach the carapace breadth of 
about 3 inches. Anyone may catch 
them, and the; are gathered by hand 
and prepared in the same fashion as 
aboves 

These "ghost crabs" are found high on 
the sand beaches on both shores of the 
islands where they Jive in burrows; 
they reach the breadth of 3". Anyone 
may capture them, either by digging by 
day or by torching at night with a net. 
They are boiled and portions attached 
to the ventral half of the body are ~ 
eaten, 

These crabs are foumd at night on the 


windward reef in torch fishing; they 


are reputedly extremely poisonous in 


all parts of the body, causing rapid 
death when eaten. They are never used 


as food. 


‘These are found along the wndward reef; 


they are gathered by all members of the 
family, boiled in the shell and the meat 


is pulled from the shell for eating. 


mee 


19. 


20. 


236 


2h. 


25. 


Turbo, all. species 


Te Nimatanin — 


Cerithium, all species 


Te Bukikakang 


Lambis, all species 


Teneang 


Nautica spe 


Te Tumara 


Monetaria moneta (L.) 


Te Burerewa 


These are Baia along the windward 
reef where they are gathered by all 
members of the family; they may be 
prepared or the shell may be broken 
and the snail eaten rawe 

These are found in the sand of the 
lagoon when the tide is outs they are 
gathered by everyone. The snail is 
cooked in the shell and the meat re= 
moved after cookings the shells are 
used for ornamental. bands on dancing 
belts, etc. 

These snails are found on coral in the 
outer portions of the lagoon, in 
waist deep or deeper water. Oly the 
men gather the snail; it may be eaten 
raw after breaking the shell or it may 
be boiled intact with the meat subse= 
quently removed, 

hese are found a few inches mder the 
sand in the lagoon; they are caught by 
everyone, boiled in the shell and the 
meat subsequently removed. 

These are fomd in both on windward 
reef and in the lagoons; they are 


gathered by everyone. The snails are 
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26. 


27. 


26. 
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Cyprea, various species 


Te Kabaua 


Amphiperas ovum 


Te Bure 


Nerita plicata 


Te Kaban 


Cymathium sp. 


Te Wiaau 


Bursa bufonia 


Te Kamanging 


used only for shell ornaments; they are 
first boiled and then buried in the sand 
for two to four weeks, and finally 
washed in fresh water, 

These also are not eaten, but gathered 
to be used as shell ornaments. The 
larger species of cowrles are not used 
at all, Method of preparation is the 
same as Monetaria moneta (L.) (25). 
These shells are not found on Onotoa, 
but are imported from Abemama to be 
vsed as omaments for the bow and stern 
of the outrigger canoes, and for 
decorations in the Maneabas. 

These snails are found high on the rocks 
on the windward beaches and to lesser 
extent on the lagoon beaches; they are 
gathered by everyone and cooked in the 
shell, 

These are found on the lagoon beaches at 
low tide only near Aiaki (the triddle of 
South Island); they are gathered by 
everyone and boiled in the shell, 

These are found only on the windward 
mene fie, where they are gathered by 
ea they are boiled in the shell 


before eating» 
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31. Charonia tritonis This large conch or triton is found along ~ 
, Te Tam | . ty : i lie outer edge of the lagoon on coral in : 
waist deep or deeper water; it is 
gathered only by mien. It is considered 
poisonous and not eaten; however, the 
shell is used as a trumpet to aitties 
meetings in the commnity hall, aa the 
shell, hung upside dow, is used as a 
flask to store coconut oil (the oil is 
poured out of the sypnon, from which it 
emerges in a small and easily con-= | 
trolled stream), 
32. Tonna perdix : | This snail is fomd in the lagoon in 
Te Tau ; water tio fathoms or more deep, on 
. corals it is gathered only by men, 
Before eating, the animal is boiled in 
the shell (one old man cutee me it 
was the young of the conch (31) and had 


the same name). 


33. Quimalea pomum This snail is found in the same habitat 
Te Makauro-n Tari and prepared the same way as Tonna 


perdix (32). 


3h. Vasun ceramicun These species are all found on the wind- 
Thais hippocastanun (L.) ward reef flat, where they may be 
Morula granulata Duclos | gathered by men, women or children; 


Te Nimakaka they are cooked in the shell. All are 


know by the same name. 
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hes Conus, all species : These species are fond variously on 
Te Nouo the ocean or lagoon side of the island 

in shallow or deep water; primarily 
women and children gather them on the 
windward reef, while only mm gather 
them in the deeper water of the lagoon, 
While Conus striatus, one of the poison 
cones, is among those gathered, the 
Gilbertese scem to have no knowledge of 
its "sting", All are boiled before 
eating, and then the shell is broken 
to withdraw the meat. Another informent 


calied them "Te Nuo Nuo". 


36. Pollia undosa These snails are found only on the 
Te Wikakang windward reef flat and gathered by 


everyone, They are cooked and the 


meat is then pulled from the shell. . 


37. Mitra, all species These snails are found only buried one 
Terebra, all species to two inches deep in the sand of the 
Te Kabinea lagoon when the tide goes out; they 


are gathered by all members of the 
femily and boiled in the shell. Both 
genera have similar habitats md bear 


the same Gilbertese namce 


38. lMelampus, all species These species are found only high on 
Te Kokoti rocky beaches on the northwestern and 
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southwestern islands, where they are... 
‘gathered only by women and children; 
the sneils are not eaten but the shells 


'- ere used as ornaments on articles of 


clothing, 
396 (Nudibranch) This four-inch nudibranch is found on 
Nei Kamanging ws the middle section of the windward reef 


under rocks; it is gathered by anyone 
finding it; before being caten it is 


boiled for two or three hours, 


hO. (Nudibranch) This is essentially the same as the 
Neireurekia nudibranch above (39), except before 


being cooked the visceral mass is re= 


mnovede 
Mollusca; Pelecypoda 
41. Pinna atropurpurea Found only in southern part of lagoon, 
Te Raun tio fathoms or more deep, partially 


buried in sand. It is gathered by men 


only, and boiled before being eaten. 


h2,.  Streptopinna saccata This "clam" is found along lagoon 
Te Bere shores in sand, one foot or more deepe 


Evidently it is not used for food or 
ornamente 

13, Pinctada marginifera The pearl oyster is found only on the 
sand bottom of the southwestern lagoon 


in three or more fathoms of water. It 


Sih al 


is gathered by men only, The meat is 
removed from the shell before it is 
boiled. Some pearls are fomd and the 
shell can be sold but there is no 
established pearling trade on Onotoa.e 
The shellis used also by the men for 
ornaments on belts, for earrings and 


for canoe decorations. 


hh. Hippopus hippopus This giant clam is found on both lagoon 
Te Nei Toro - small and ocean reefs from three fe2t deep to 
individuals 


about two fathoms, All sizes, from two 
Te Aubuna - large 
individuals or three inch specimens to those about 
three feet across, are gathered by men 
for eatinge At times they are eaten rawe 
when fresh, their meat is boiled with 
-water or coconut milk; they may also 
be dried with salt and kept several 
months. The large shells are often used 
as wash basins. Some families make small 
“holding pens of coral along the beach 
in front of their houses and keep small 
specinens alive uwntil ee grow larger, 
or util the family is ready to eat them. 
Cne family had a pen about four feet 
square that held ten clams ranging in 


size from three to twelve inches acrosse 


Lage 


ide 


lb. 


be 


8. 


9. 


Tridacna cumingi 
Tridacna elongata 


Te Were 


Tridacna squemosa 


Te Were Makai 


Cardium spe 
Te Tuai or 


Te Taerale 


Gardium (Trachycardium) 
flavum 


Te Nikarikiriki 


Cafraum tumidum 
Venus clathrata 


Te Koikoinanti 


These are the same as Hippopus above 
(lL) excepting for their smaller size <= 
up to nine inches across in lagoon, 
three inches across along the ocean. 
These are the same as Hippopus ebove 
(li): size up to about fourteen inches 
acrOSSe | 

These cockles are found in the lagoon 
only slightly wnder the surface of 

the sand, in interttdalyeodee They 
are gathered by everyones the clam is 
boiled for food and the shell is used 
as a coconut meat scraper to make baby 
food. 

These cockles are found near the sur= 
face of the sand in the intertidal 

zone along the southern island only. 
They are gathered by everyone and 
boiled in the shell before being eaten. 
These are both found in outer lagoon on 
corel end not in sand, in about one 
fathom of water. They are gathered by 
both men and women diving from canoéSe. 
They are removed from the shell before 
boiling. Both species are referred to 


by the same name. 
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50. Pitar (Agriopoma) japonica 
Mesodesma striata 


Te Katura 


51. Protothraca staninea 


Te Koumara 


52. Tellina-crassiplicata 


Te Nilcatona 


53-2 Asaphia dichotoma 


Tei Koikoi 


Both of these clams are found along 
islands buried one to two inches deep 
in the sand high in the intertidal 
zone. They are gathered by everyone 
and boiled in their shells before 
eatingn 

This clam is found low in the intertidal 
zone along the lagoon only near the end 
islands: buried up to six inches deep in 
the sand. It is gathered by women and 
children and may be either eaten raw or 
boiled in the shells. 

This clam is found buried eight to 
twelve inches deep in sand in lower 
intertidal zone off the south and north 
island and off the south island. It is 
reported to be about "fished out". It 
is dug the year around by anyone. It 
may be eaten raw, boiled after removing 
from the shell, or salted and dried, 
This clam is found in lagoon sand in 
lower intertidal zone buried about one 
foot deep all along the coast except 


off the middie of the southern island. 
It is dug only by women and children; 
it may be eaten raw or boiled in the 
shell, 


She Asaphis deflorata 


556 


Te Bun 


Polypus marmoratus 


Te Kika 


This clam is Poumdl only at Abemama 
Island but not on Onotoa nor any other 
island; it is foumd low in intertidal 
zone in sand of the lagoone Mm 

Abemama it is dug by everyone; it may 
be eaten raw or bioled and is reportedly 
of excellent taste. The shells were 
imported to Onotoa to be used as fishing 
sinkers. 

The octopus is one of the principal 
invertebrate foods of the people. It 
ig caushé on (eoeniaidestor bere pies 
in holes mder rocks when the tide is 
out by spearing with short hooked 
spears. len, women and children all 
capture it. All parts of it are eaten 
except the ink sac. Several methods of 
preperation are used with it: It can be 
pounded on a stone without additional 
salt wmtil soft, and then either boiled 
in water or coconut milk for several 
hours; or it can be saited and dried to 
be kept for at least several moths. 
Before the dried octopus is eaten, it is 


washed and boiled. 
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DISCUSSTON 


It is remarkable that these people did not use certain supposedly 
edible animals of their regione For example, careful questioning showed no 
evidence of the use of sea weeds, of sea urchins (quite common around the 
islands), and of marine annelids like the palolo worm. All three of these 
constituted relatively important foods for the peoples of Hawaii and Samoa. 
In addition several other foods used by other peoples were not used on the 
islands, like the sea anemones eaten by Samoans; however, no large sea 
anemones were seen about Cnotoa, 

Several foods on their list, on the other hand, possibly are not 
too wide spread in their uses; this is especially true of the scyphomedusae, 
the sipunculids (although these are eaten in the Marshalls) and the 
supposediy poisonous cone shells. 

The lagoon reef is not very productive of the edible molluscs; in all 
of the field work in the intertidal areas of the lagoon no evidences of 
living clams or edible mails were seen, “hile it is likely this condition 
stemmed from overfishing by the concentrated population, it may actually be 


the result of low productivity of the Onotoa lagoon reefse 


evens 
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INVESTIGATION OF THE ICHTHYOFAUNA OF ONOTOA, GILBERT ISLANDS 


Onotoa is a small atoll with a relatively high population density; it is 
quite ary and subject to extended drovgnt. Few food plants can be gro:m, and 
even the coconut crop fails at times, Thus, for the Gilbertese on Gnotoa, 
there is a very great dependence on the sea for food, 

The methods of fishing are many and varied and involve men, women, and 
children alike. fishing is undertaken largely by the men, however, and centers 
around the use of the native outrigger canoe. 

Lacking suitable trees for dugouts, the outriggers in the Southern Gil- 
bert Islands are constructed from Australian plank lumber obtained froin Ocean 
Island. Mo metal parts are used, the planks and outriggers being lashed in 
place with a native cord made from retted coconut husk fiber. The outrigger 
itself is a solid niece of cod and usually made from driftiood. 

Not every man omms a canoe, but nearly every family has one or access to 
ones in the village of Ajaki there are 370 people and 82 canoes.* Fifty= 
eight of these are good-sized sailing canoes and can be used for trolling 
outside of the lagoon. 

The fisherman who omms a canoe will usually have the following items of 
fishing gear: a few fishing lines of verious sizes, a small assortment of hooks, 
leader wire of flexible galvanized type, a large shark hook, one or two 
handmade lures, 2 flying fish net, a pointed metal rod tnith a wooden handle 
for gaffing large fish, a Imife, and swim goggles. ilost of the fishermen own 
a fish svear with rubber sling, ifany families have eel traps and small nets 
for torch fishing. Some have eel snares, fish traps, beach seines, and fine= 
mesh nets for small fish, 


“This information, as well as certain other facts in this report, was supplied 
by Dr. Ward Goodenovgh. 
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A cooperative store is located on the atoll and is supplied infrequently 
from Tarawa. It usually has hooks and fish line for sale. Normal-sized hooks 
are quite inexpensive, ranging in price from 4 to 14 pennies. The large 
shark hooks, when in stock, cost 2 shillings 6 pence (30¢). Heavy fishing 
line, of sufficient length for one trolling line, costs 5 shillings. 

The Gilbertese can earn very little money; hence they can buy very few 
of the preferred manufactured items of fishing gear. Copra and various items 
of native handicraft made from pandanus leaf fiber are the principal sources 
of income. Hach year about 60 men from Qnotoa are taken to Ocean Island where 
they work as laborers and by their standards are well paid, On their return 
they customarily bring with them such things as wire, old inner tubes, metal 
rods, pieces of lead, and glass, all of which are inportent in their making 
of fishing gear. 

There are many different kinds of fishes which serve as food for the 
Gilbertese, and frequently special methods of fishing are utilized for certain 
species or groups of species. Usually these methods are standard from 
fisherman to fisherman, but some individual variation does, of course, exist. 
In some cases a family or individual may have an efficient mean of catching 
fish which is kept secret. The description of the various methods as given 
below represent the standard ways of procuring food fishes on Mmotoa. 
Trolling: Sailing canoes are used for trolling which may be undertaken in 
the lagoon, but the usual site is in deep water just outside of the west 
reef of the atoll, especially the region where there is a large westward 
projection of this reef, At most anytime, but especially in the morning, one 
can see numerous eee canoes trolling back and forth beyond the reef, 

These canoes ee be operated by a mate man or by two persons. If there are 
two persons, they are usually of the same family, as father and son, Women 


may help their husbands when trolling, but this is not a common occurrence. 
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Trolling speed = highly variable depending on the rind, but generally ne 
aifficilty is had in athetming speods eutfieiantiy greet Wieh these ele ieee 
im fae, it would seem that too often the contrary occurs; that is, that good 
trolling speed is Heese | 

The lures which are used are como of three types. A hook may have 
chicken feathers tied directly to it. Such a lure is used for smaller fish such 
as the smali tua, Euthymus yeito. There may be a lure consisting of a niece 
of metal, usually leady in which there is a hole through :shich the leader wire 
is run. The back part of the metal is notched for the attachment of featherso 
The hook is attached to the leader wire and is always single. The third type 
of lure is made from an elongate, well=polished piece of pearl shell, The hook 
is attached directly to the piece of shell, and feathers may or may not be 
addede 

The use of vhole fish for trolling is a comion practice, mullet and flying 
fish deing ane ewe bait species. ifullets are netted in »vonds or close to 
shore in the lagoon, and flying fishes are teken with dip nets at night. The 
bait fish is attached to the hook by locating the eye of the hook in the mouth 
and the barbed end mp EReouen the back so it is just exposed on the dorsal 
surface. The eyes of the fish are then removed, and coconut fhe fiber is used 
to lasn through the orbits to the eye of the hook. 

Fishes which ae taken when trolling at the surface in ceep water ares 
Euthynnus yaito, Acanthocybium solandri, Istiophorus gladius, Hlagatis. 
bipimulatus, Katsuonus pelamis, Neothunnus macropterus, and at least one 
other unidentified a ae of timae Swordfishes are occasionally: caught, «.The 
dolphin, Coryphaena hippurus, is rarely taken, Nearer the reef, species of 


Caranx and Sphyraena are caught. 
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When large-sized fishes are hooked, they are gaffed and their heads 
beaten with a wooden club before being brought into the canoe, 
Spearing: Formerly a long wooden spear with a metal point lashed at one end 
was employed. This was jabbed at fish while swimming wderwater. Now, the 
common method involves a simple clastic sling device and a steel rod of about 
= inch diameter and five or six feet in length. The sling consists of a 
piece of truck tire inner tube or a section of bicycle inner tube to which a 
loop of sturdy cloth is tied at one end and a loop of cord at the other, The 
metal rod has a notch at one end and is sharpened to a point at the other, 
There is no folding-type barb, but there may be a small oblique cut made in 
the rod near the point and the section of metal aay from the point bent 
slightly outward. The thumb of the left hand is placed through the loop of 
cloth and the notch of the spear engaged in the cord, The notched end of the 
spear is then draim back with the right hand, bow and arrow fashion, and the 
spear is guided as it is lamched by the thumb and fingers of the left hand. 
The snear-fisherman wears small goggles which he makes for himself from local 
wood and glass obtained from Ocean Island. The goggles are tied on behind 
the head with heavy string. The final item of spearing accouterment is an 
optional one and consists of a piece of cord on which the fish are strung. 
The fish are suspended from the back, the cord being tied around the waist. 
In swimming the frog kick is used and the fish are approached very cautiously, 
all sharp movements being avoided. A spear can be shot for a horizontal dis- 
tance creater than 25 feet but is not very effective beyond a distance of 6. 
feet or so because of reduced accuracy. Spearing is wndertaken in both the. 
lagoon and on the ea side. Generally the lagoon is referred for there is - 


no heavy surf with which to contend, In the lagoon the fisherman usually 
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sails or paddles his canoe out to a suitable area. It is anchored with a 
heavy stone or tied directly to a coral Imolls A paddle or piece of buoyant 
wood is tied to the anchor line below the surface to prevent the line from 
catching on coral ad chafing. 

Spearing fish is a very important method of fishine. It is utilized 
mostly by the younger men, some of whom prerer it to any other means of ob= 
taining fish. Among those fishes most sought are members of the following 
genera: Caranx, Scarusy Lutianus, llyripristis., Holocentrus, Acanthurus 
(especially A. nigricans and A. triostegus), Ctenochaetus, Gymothorax, 
Cephalopholis, and Epinephelus. 

Shark Fishing: Very strong line, <rire leader made from smaller strands of 
wire crudely twisted together, and a large heavy hook ‘conprise the usual 
tackle for shark'fishing. ‘The hook is usuallya purchased commercial product, 
but it may be made by hand from steel rod, in which case there is no barb 

but the tip of the hook is strongly recurved. Fishing may be engaged in from 
canoes drifting well out at seas ‘hole fish is the usual bait, the favorite 
being the small tma, Suthynnus yaito,: which is caught by trolling immediately 
prior to the actual fishing for sharks, If the bait fish is alive, it is 
hooked carefully through the gill openings; if dead it may be tied securely 
to the hook with coconut husk fiber in a variety of ways. The line is paid 
out to windward and remains near the surface. Often several heavy shells 
(Lambis trumcata) are tied to a second line which is lowered a few feet below 
the surface and kept in constant motion. The noise of the shells knocking 
together supposedly attracts sharks, Some fishermen cut fresh fish into fine 
pieces end disperse this in the water whereupon the much=discussed pover of 


blood to: attract sharks is brought into operation. This surface fishing often 


-h7- 


results in the taking of large pelagic fishes such as swordfishes, wahoo, 
and yellowfin tma, as well as sharks. 

ifore conmonly shark fishing is undertaken over shallow reef areas with a 
weighted line. Whole fish or cut fish is the usual baite The sharks taken 
in reef areas are smaller species, generally, such as the white tip and the 
black tip. 

The flesh of the shark is highly esteemed by the Gilbertese, many of whom 
actually prefer it to tune and other fish. It is usually orevared by slicing 
into sections and roasting in a pit in the gromd. Sometimes the flesh is 
salted and dried in the sun.and ultimately eaten without cooking. Still other 
times it is boiled in sea water, 

Night Fishing for Flying fish: The sailing canoe and at least two persons are 
required in fishing for flying fish. If there are but tio persons, one holds 
coconut frond torches while the other steers the vessel and vorks a dip net, 
Fishing is done outside tue reef wnile moving at ordinary sailing speed. 
There are usually about eight or ten torches at hand, made from cried coconut 
leaves lashed in bundles about seven fect long. The first torch is lighted 
with matches or by striking flint and steel over dried coconut husk, Each 
subsequent torch is lighted from the previous one just as the latter is about 
to burn out. The helmsman (and fisherman) generally wears a woven coconut 
hat to shade his eyes fromthe torch light. His dip net is elliptical in 
shape, about two feet in its greatest diameter. The wooden handle is at 
least twelve feet in length. 

The flying fish are attracted to the torch light and skitter about the 
canoe, some striking the side of it quite resoundingly. The fish are usually 
caught at the surface but occasionally.are picked right out the air by an 
alert fisherman. ‘hen the fish are on the surface the net is dropped 


directly over them instead of scooping from the side. Usually the netting 
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operation takes place on the leeward side of the canoe (the side without the 
outrigger), but the more skillful fishermen extend their range to the water 
to the stern and the windward side aft of the outrigger, 

The only flying fishes observed taken at the atoll were of genus 
Cypseluruse. Most of these were of good size, veaching a maximum of about 
15 inches in length. Occasionally some half~besks were netted. 

Hook and Line: The Gilbertese fish with hook and line from canoe, from 

shore, or while standing in shallow water. A pole may or may not be employed. 
No use of set lines of any sort was observed. Usually the fisherman handles 
but a single line which contains but one or a very few hooks due to the great 
chance of loss of tackle on coral. 

fishing from a canoe takes place in the lagoon but usually over reef 
areas or near larze coral heads. Instead of having a sinker permanently 
attached to the line, a stone is often loosely tied with a slip knet and the 
line is then lo-ered to the desired depth where the stone is Gh by a 
sudden jerk of the line. A great variety of fishes are taken’ but predominantly 
lutianids, labrids, carangids, serzyanids, balistids, and scarids. 

Wren fishing from shore on the lagoon side of the atoll, the fishermen 
(frecuently in this case women and children) generally wade well out into the 
water. Their catch usually includes small Caranx SDD. and Gerres SDe and ~ 
occasionally lutianids. 

At low tide fishing with hook and line may be carried on in the surge 
channels of the reef on the seaside of the atoll, Here a pole isa creat 
asset to the fishermen. ‘These may be made from bamboo obtained from Ocean 
Island or fromalocal plant, Guettarda. The pole varies in length from 5 
to 12 feet. The ucual bait is land hermit crabs which have been removed from 


their gastropod shells. No sinker is used, The fishes thich are most often 
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taken are Cirrhitus spey Thalassoma sppe, Halichoeres sp.s, Abudefduf sppey 
and Lutianus spe These are small carnivorous fishes which occupy the special 
surge channel habitat. 

No deep water hand line fishing was observed, but interviews with fisher- 
men revealed that a few apparently fish to a depth as great as 100 fathoms 
from a canoe outside of the reef, The average Gilbertese does not have 
sufficient line for this or would not want to risk the loss of so much line, 
The fish which is most sought from the deeper water one from native 
description he be the oil fish or escolar (Ruvettus pretiosus). 

Torch Fishing: The equipment eae ana means of catching fish consists of 
coconut frond torches of the type described for flying fish fishing, a basket 
woven from coconut leaves, and either a short-handled dip net or a long knife, 
One mm does the fishing, but customarily is followed by a second person who 
carries extra torches. Fishing may take place in the lagoon or on the sea 
side on the reef, he preferred site for torch fishing is the back ridge 
trough, and for this, low tide is a necessity. The water in the back ridge 
trough at this time is about waist deep. As the fisherman walks along he 
carries the torch in one hand, the oo net in the other, The basket for 
fhentiich is slug from his shoulder and en his side. Light from the 
— is quite bright and fish are readily seen for the water is clear except 
when an unusually heavy surf is rmning. Usually a fish can be approached 
without difficulty and either scooped up fates net or cut with a rapid 
downward stroke of the Imife. Fishes commonly caught by this method include: 
Cirrhitus spe, lutianus spe, Monotaxis gprendoculis, Acanthurus triostegus, 
lyripristis spp., Holocentrus SPP ey Parupeneus spe, Gymnothorax spp. belonids, 
and mugilids. They are ordinarily eaten inmediately after the fishing 


operation is completed; they are roasted without cleaning in beds of hot coals. 
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Nets: The simplest type of net is the dip net such as employed in torch fishinge 
This net may also..be used in a fishing operation during the day at low tide. 
The location is a surge channele At Onotoa the surge channels are narrow, 
irregular indentations into the reef averaging about six feet in width and 
ten feet in depth. The water in these channels is in constant motion, and 
visibility from the surface or in the channel is poor because of the foam ~ 
from the breakers, One man uses a coconut frond to drive fish in the channel 
toward a good vantage point wnere a second man keeps his dip net in the water. 
Both men stand on the reef beside the chamiel. This method of fishing is not 
a common one. 

Small seines of about two fathom length and four or five feet in depth: » 
are often used. A seine may be operated by just tio persons, each holding a 
vertical pole at each end, but usuelliy several other persons assist by 
driving fish tovard the net. Trequently a woven line of coconut fronds seenes 
as an extension of the seine from one or both ends. At low tide on the reef 
the back ridge trough is a region which is commonly seined. ..One such operation 
was closely observed. A man, his wife, and two boys were the participants, 
The fish they. hunted was a good-sized scarid which comes up into the shallow 
water on the reef in small schools. The fishermen endeavored to get between 
the fish and the open sea. Sometimes this involved actual rimning with the. 
seine in the shallow water; at other times slow cautious movements tere neces 
sary. When the fish were cut off and tried to elude ‘the seine, they. were 
herded by the boys ‘toward the net with coconut palm fronds md by splashing 
and throvring stones. llany large parrot fish were caught and some:surgeon fish 
(Acan thurus triostegus) and damsel. fish (Abudefduf sp.) were taken. The fishes 


were rendered inactive by biting the dorsal part of the skull and were strung 
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by cord through the eyes to one of the poles of the seine. This one fishing 
operation lasted several hours and covered a distance of about two miles, 

In the lagoon small seines are used over shallow sandy areas and the 
fishes caught include Gerres spe, small Caranx spey mullets (itugilidae), md 
goatfishes (ifullidae). Here the seining is very ofte the work of yome and 
children. 

Small seines may ve imported cotton procuects or may be made from local 
material. 

Some large beach seines are owned collectively by entire villages. Hach 
village usually has but one such seine. However, the largest village, Aiaixi, 
is divided into two sections and each owns a seine. These are made of coconut 
husk fiber and may be as long as thirty fathoms, Shells are used as weights 
on the foot rope and pieces of a local wood (Seaevola) strung along the float 
dine. These seines are used only in the lacoon,. and their operation involves 
many individuals. One is designated the leader, and he directs the operation 
by hand signals, for noise is kept to a minimum. One end of the seine is 
viorked out from shore in e large semicircle mtil it is again brought to shore 
at which time both ends are hauled up on the beach. The same fishes are 
caught with these large seines as listed above for smaller seines in the 
lagoon plus a few others such as lutianids. At night more larger fishes are 
caught, including small sharks, 

One other type of net is used for a very special kind of fishing. This 
is a fine mesh netting (generally mosquito netting) with a slight bag and 
supported at four comers with poles. The net is suspended horizcntally in 
the water between tio canoes, men or women from one canoe holding tuo of the 
poles vertically in the water while those in the other canoe handle the other 


two poles. The area over the net is chumed with bits of fish. Small fishes 
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of genus Caesio are caught when they stim over the netting by a rapic pulling 
up of the four poles. These fishes occur in the lagoon in numbers great 
enough for such fishing only once every ten years or so. ‘They tend to form 
small schools over cena heads in the lagoon, They are dried on coconut oe 
pandanus mats out in the sun and stored in tight-lid containers, where they 
remain well-preserved for many years. The flesh is red in color whem dried 
and considered a great delicacy. | 
Traps: Tuo types of traps are made from lashing small sticks together. The 
most comion in use is the eel trap. This consistently has the configuration 
of a house (rectangular with a sloping roof), roughly three feet long and a 
foot and a nalf wide. At one ~d a hole of three-inch diameter can be seene 
This extends, cylinder-like, toward the middle of the trep there it is 
narrowed by side flaps of woven coconut fiber, This trap is baited. It is 
set by lowering with a line from a canoe in water up to ten fathoms deep. The 
species of eels taken are mostly of genus Gymnothorax. i small trap door in 
the Nrooft aifords a means of removing the eels. 

The second tyne of trap has the appearance of a small quonset nute Size 
is more variable than the eel trap, but it is generally not more than three 
feet lone. It is set by diving in water up to about three fathoms in depth. 
It is placed in such a manner in the coral that it can be concealed by 
addition of a few stones or pieces of coral, The entrance to the trap, which ~ 
is similar to that of the eel trap, is kept.free. This trap is not baited 
and is seaiiaied to capture reef fishes which tend to seek refuge mder rocks 
or ledges of coral. These include a nunber of acanthurids like Ctenochaetus 
strigosus, weneniey holocentrids, and lutianids. A covered opening on the 
opoosite end to the trap entrance is used to remove the fish. Such fish 


traps do not seem tobe utilized very frequently. 
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‘nother type of fish trap which is of considerable importance is the 
stone trap. These are found in the lagoon, on the reef, and in shallow 
passes between islands. They are constructed by piling stones into a long, 
low wall which encloses a large, roughly rectangular area, The wall is 
usually about a foot and a half high andwell covered by water at high tide, 

As the tide lowers the top of the wall is exposed thus isolating a body of 
water within the trap. ‘ith further lowering of the tide the water within 

the trap decreases and the fish are concentrated to an extent where they may 
be seined or picked up by hand. The same species are taken by stone trap as 
were mentioned for the lagoon and reef seining operations except for mullets 
reel escape by jumping over the wall. mn the sea side the wall is occasionally 
broken in places when surf is heavy, and must be repaired. Here, however, 

red coralline algae tends to cemmt stone of the trap together and must greatly 
reduce the maintenance of the trap wall. 

Tide Pool Fishing: Three tela of collecting fishes from very shallow water are 
included here. First there is the collection of small tide pool fish by hand 
which is usually the task of women and children. By far the most important 
fish taken is the young of Epinephelus merra which are very abundant in tide 
pools and in shallow water lagoon areas. These are dried in the sun and eaten 
without cooking. 

A species of moray cel, Cymothorax picta, occurs well up on the reef flat 
on the sea side of the islands oi the atoll. A method for capturing this 
species was observed, At low tide the fisherman walks over the reef, equipped 
with a basket with a lid and tio metal rods about two fect long. One is 
sharpened and the other is hooked at the end, Boulders are rolled over 
and every likely hole in the coral is inspected with the rods, and the morays, 


when located, are pulled from their holes with the hooked rod. 


Another method for catching eels is a simple boil’ seeaeey A stick 
about two feet long is baited at the end with a piece of fish. A second 
stick has a noose which may be draw tight. 

‘This is placed around a hole which looks like a likely dwelling for a moraye 
The bait is held just outside the noose. As the moray lunges for the bait 
the noose is pulled tightly around his body behind the head. This is a very 
old le Teen. but still used today. Usually it takes place on the reef 
flat at low tide in the surge channel area. The same method may be used 
in the lagoon in deeper water by divings 
Pisciculture; The milkfish, Chanos chanos, was at one time actively reared 
in ponds, especially one fairly large isolated pote of water in the complex 
of tiny islands in the southern part of the atoll, The young of ooee svecies 
were periodically seined from outside areas and transferred to the ponds, 
since adulis will not breed theres Such a practice nas been more or less 
discontinued for some yearse 

'. Poisonous Fishes: Numerous interviews with groups of seniies concerning the 

‘presence of fish in the atoll waters irith poisonous flesh were undertaken. 
The only fishes which iors debian aareaie, aa ad see at this time were the puffers 
and then orly the internal organs, especially the gonads, were toxic. In 
view of the prevalence of poisonous forms throughout the whole Pacific area, 
it was hard to believe that there ee a6 such problem at Onotoa, The natives 
were observed catching, preparing, and eating many species Inotm to be pcisone 
ous elsewhere. Interviews did reveal, ates ais a certain section of the 
reef near the northern part of the atoll eee poisonous fishes for 
several years but for the last two years fish taken from there have not been 
toxice 


Fishes with poisonous spines do occur in the area, notably sting rays, 
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siganids, and certain scorpaenids like Pterois. The stone fish, Synancea 
verrucosaywas not collected but very probably occurs on Onotoae It is re- 
ported from Tarawa. | 
Attacks by Sharks: Several discussions with natives were initiated in 
respect to this subject. Only five cases of attack by sharks on men were 
recalled = even by the older Gilbertese. These involved large sharks and 
not the comion smaller forms near the reef, The natives swim around these 
smaller sharks without ay noticeable fear, Sufficient information was not 
secured to identify the larger, dangerous species of sharks. 
Fishing Regulations: Before the white man came to the Gilbert Islands 
sections of the reef flat and water areas of the lagoon were oimed by men 
who retained exclusive rights to fish in these areas, /. man who fished in 
enother man's region risked violent punitive measures by the ownere 
ilissionaries arrived in the Gilbert Islands around 1850 and tended to break 
up these holdings, When the British took over the islands as a Protectorate 
in 1892, the systen of oming reef and lagoon areas was soon completely 
eliminated. 

Today by native law one regulation of this sort exists, No man can 
fish in the vicinity of another man's stone fish trap at or near low tide. 

One other interesting law exists; On the.rare occasions when Caesio sp. 
(the special fishing method for this fish was previously described) occur in 
the lacoon in large: nwibers, no flying fish fishing is allowed. Jt is be~ 
lieved that the light from the torches will frighten Caesio away. A fine of 
three shillings is imposed on any man caught fishing for flying fish during 
this time. 

No restrictions. were noted concerning size limits. As far as know no 


species of fish were ever reserved for special individuals or occasionse 
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Preserving of Fish: Most of the fish is eaten fresh, the fisherman -usually 
catching only enough for inmediate family use. “When more is caught, it is 
cut into thin pieces and dried in the sun. It may be cooked prior ae 
Usually it is not salted, and rarely is any of the catch smoked. 
Abundance of Fish: No collection of catch statistics nor direct neatereneen 
of fishing effort was made, but the fishing effort on Onotoa, by hoot stond- 
ards, seems high. This is due to the relatively hizh population and the 
emphasis on fishing. Nevertheless, it is doubted if any serious depletion of 
fish stocks has taken place, even for reef fishes. There are, however, more 
reef fishes to be seen by underwater. observation in ovtlying parts of the atoll 
away from usual fishing activity and in other atolls with smaller native vopu- 
lations. [aoe on the latter regions the fishes may be approached much more 
readily when strimaing undervater. . 

Still, today, the Onotoan fisherman cen obtain all the fish he needs in a 


“relatively short period of tine, at most to or three hours. 


“FISH COLLECTION cM ONOTOA 

The majority of fishes which were collected during the tio month's stay 
on Onotoa were taken with powdered cubé or derris root containing rotenone, 
the active poisonous ingrediente Ten successful poison stations were 
executed with the two hundred pomds of cube root which was on hands 

Nearly 120 species were added to the collection by spearfishing, though 
many of these turned up in poison eSuanlone 25 well. Spearing is a highly se- 
lective means pages tenn fish and useful in obtaining fishes such as parrot 
fishes (scaridae) which are not easily poisoned. But this method has the ob- 
vious disadvantage of mutilation of specimens, and one usually fails to obtain 
a sufficient number of BpeC ee of any one ances in this way for ordinary 
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taxonomic purposes. 

Considerable difficulty was experienced in procuring fishes from the 
Gilbertese which they had caught and which were destined for their dinner 
fables. This was especially Tene anen tite natives observed that most of the 
fish which was purchased from them did not end up as a aanaanent of the 
expedition!s diet. Fish, they ee have reasoned, should be put to but one 
use, food, Nevertheless, some valuable additions to the fish collection were 
made through purchases and sane UR aT with the children. Very 
material aid Ce onteined from the natives in recovering fishes at poison 
stationse 

i few fishes were caught with hook and Line, with use of nets, and by 
hend in tide Maoh eg 

Field work was dominated by making the collection of fishes, since 
description of the fish fauna of a new area must necessarily precece ecological 
studies; nevertheless, ass ecological work was donee A description was made 
oi the areas where fishes THEMES collected. This, couoled with extensive mder-= 
Pater Geeervations, made it possible to identify a eae habitat for many of 
the species. Of course, specific habitats are difficult to delimit for marine 
fishes, and even when one maneges with fair assurance to pinpoint a fish in a 
cervain environment, it often pops up in an altogether different one. 

Analysis AE the stomach contents of Fishes was made when a surplus of 
specimens was eroute, Such data were obtained for about fifty species$ 
however, there were usually insufficient numbers of any one species examined 
to demonstrate total variability of food habits. Food studies which were made 
on fishes talken by poisoning were complicated by an manticipated factor. 


liany of the fishes which are normally non-piscivorous were found to be oppor= 


tunists and fed upon smaller poisoned fishes before the in tum, succumbed 
2 3 3 
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‘to the poison. This source of error was more or less compensated for by os 
disregarding all recently-eaten fishes which could logically have been killed 
by the rotenones 

A reef transect for fishes was attempted from shore to "lithothamnion" 
ridge curing a period of exceptional low tides and with the last of the supply 
of rotenonee When approximately half completed, storm conditions precluded 
the completion of this project. 

The local Gilbertese names for fishes were recorded, It was found that 
smaller species frequently were not named. In fact, poisoning produced many 
fishes which the natives had never seen, anda for which they obviously had no 
namese It was interesting to.note how groups of similar species were often 
given collective names which paralleled the families of ichthyological nomen- 
clature. Acanthurids, balistids, tetraodots, and chaetodonts are examples; 
the names te riba, te bubu, te buni, te ibaba can be applied freely to nearly. 
any fish within these respective families. The more distinetive or common mem= 
bers of these groups generally have more definite names , though often the above 
names aise elegant Acanthurus achilles, for example, is called te 
ribataukarawa.e There was not always complete agreement among the Gilbertese 
for their names of fishes, especially for the rare species. 

The fish collection from Cnotoa comprises about 325 species, These still 
bear field identifications to a large extent, and thus no taxonomic report 
can be presented at this time. The following is a breakdow of the collection 
on a family basis and will serve to give some idea of its extent and the 


predominance of certain families over others: 


Family Number of Species 
Acanthuridae 15 
Antennaridae 2 
Apogonidae 10 
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Atherinidae 
AuLostomidae 
Balistidae 
Belonidae 
Blenniidae 
Bothidae 
Brotulidae 
Canthigasteridae 
Caracanthidae 
Carangidae 
Carapidae 
Chaetodontidae 
hanidae 
Cirrhitidae 
Echelidae 
Hehidnidae 
Eleotridae 
Exocoetidae 
Fistularidae 
Gerridae 
Gobiidae 
Hemiramphidae 
Holocentridae 
Istiophoridae. 
Labridae 
Lutianidae 
Monocanthidae 


jloringuidae 
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ifugilidae 
ifullidae 
Ophichthyidae 
Ostraciidae 
Parapercidae 
Permpheridae 
Platycephalidae 
Pleuronectidae 
Pomacen tridae 
Priacanthidae 
Pseudochrorniidae 
Scaridae 
Scorpaenidae 
Seriolidae 
Serranidae 
Siganidae 
Sparidae 
Sphyraenidae 
Syngnathidae 
Synodontidae 
Tetraodontidae 
Thumnidae 


Zanclidae 
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At least twenty-five acditional species were observed widerwater but 


were not taken. 


Many of these were provisionally identified. 


Only three sharks were captured. 


Sei = 


Some rays were seen but were not takene 


An opportmity provided itself to test the efficacy of copper acetate as 
a shark repellent. The folloyring is taken cirectly from my field notes: "Tho 
circling an area trhere it is believed a speared (and hence bleeding) fish was 
seeking refuge in a hole in the coral. The water was about eight feet deep 
and fairly clear, The sharks were estimated at )} and 54 feet in lengthe 
The smaller shark was secn on two occasions to stick his head down the hole, 
thus exposing his body vertically in the water. Trom time to time the 
sharks would leave the area, either singly or together, but always they re- 
tured, They were never observed to swim rapidly. <A small tin of copyer 
acetate crystals was dispensed by Dr. Banner in a circle of about tizenty-live 
feet in diameter around the area. At this time the sharks vere absent. The 
smaller shark was then observed to approach the area but not enter ite The 
larger shark, on reaching the cloudy area where the acetate had precipited, 
turned sharply eround and swam very swiftly away. Within at icast the next 
ten minutes neither shark was seen at all.! 

Over two hundred color photographs of fishes were taken iith 35 mn 


Kodacolor film. iiost of these were satisfactory. 
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DESCRIPTION OF KAYANGEL ATOLL, PALAU ISLANDS 


By J. L. Gressitt 
Pacific Science Board 


Kayangel Atoll is the northernmost land area of the Palau Archipelago in 
the western Caroline Islands, except for Ngaruangl, a sand bank on an incipient 
atoll to its north. There are no other atolls within 150 miles. Kayangel is 
separated from Babelthuap, the largest island of the Palaus and a volcanic is-— 
land, by about twenty miles of water. Between, there are only two small islands, 
Ngaregur and Ngarekelau, just north of Babelthuap, and the large "V"-shaped 
Kossol Reef pointing towards Kayangel, in the middle of the intervening space. 
Other reefs extend somewhat north of Babelthvap to the west, particularly, and 
also to the east. from the hill above Olei at the north end of Babelthuap, 
Kayangel may be seen as if it consisted of a small islet at the left and a long 
one to the right (east). 


Kayangel is a small atoll, with a north-south diameter of less than three 
and. one-half miles and an east-west diameter of only two miles. The atoll con- 
Sists of an almost complete circle of reef, with four islets. The latter are 
all on the east side, occupying a little less than the eastern half of the 
perimeter. The islets decrease markedly, and somewhat geometricaily, in size, 
proceeding from north to south. The entrance to the lagoon is not very dis~ 
tinct, and is shallow. It is located on the west side a little north of the 
center, and west of the pier at the middle of the main island. It consists of 
a sand—-bottomed break in the reef a number of yards wide and extending obliquely 
inward in .a northeast direction. .It is only one ‘to two fathoms deep at low tide 
and is dotted with coral heeds of varying size, so that passage of craft larger 
than canoes must be undertaken at very slow speed, and is very dangerous in 
rough weather. At high tide in good weather a craft of less than one fathom 
draft can pass over the reef et the south end, one hundrea yards west of Gorak 
Islet. 


The legoon is largely of sand bottom and varies from very shallow to a few 
fathoms dzsep. Most of the southeastern one-third of .the. lagoon is less than 
two fathoms deep and has large scattered coral heads except in the shallower 
parts. in some shailow areas east of the center or near the center of the main 
island stag-horn corel grows on the bottom. Quite a bit of it has been broken 
by canoes or fishing operations. In the central and northern: parts of the lagoon 
the water is deeper with the coral heads less. visible. in the southwestern part 
the coral heads ar2 quite large and widely separated, and the water a few fathoms 
deep. In the western part the coral neads-are: closer and the water shallower 
approaching the inlet. : ; 


The geen ering the atoll is, in general not very wide on the west side, 
and the. water becomes deep rather soon, particularly near the south end. At 
several points there are large blocks of coral rock which have been washed up 
onto the reef, and two of these on the southwestern part are even visible at 
moderately high tide,’ At lowest tide the reef is visible at a number of points 
in the different parts: On the east side, seaward of the:islets, there is for. 
the most part a fairly flat platform exposed at low tide. It consists of more 
or less solid coral limestone, marked in part with tidal pools of a. shallow . 
nature and with old coral structures generally evident. At some points, par- |. 
ticularly near thc ends of the islets, masses of coral. rocks or gravel have © 
been washed up. The sea bottom slopes off at an initial grade of 10-25 degrees. 


The 
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The intervals between the islets are rough and rocky, with tilted coral slabs 
in part, on the seaward side, and sandy on the lagoon side. At lowest tide 
it is possible to walk between the two northern and the two southern islets 
largely on exposed sand, with only short distances to wade in shallow water. 
The route between the two northern islets is over very fine white sand in a 
large broad arc curving into the lagoon, whereas between the two southern 
islets it is almost direct but the sand is mixed with coral gravel in part. 
The water is deeper on the lagoon side between the middle islets, and the 
distance is greater and there is some coral. growth. Near the south end of the 
lagoon side of the second island (Ngariungs) are some eroded mushroom-shaped 
blocks of coral rock exposed at low tide, some of which have fallen over. 


The east or seaward shores of the islets consist for the most part of 
fairly narrow sloping beaches of rough coral gravel or accumulations of coral 
rocks with almost no sand. On the main island, however, there is a higher 
proportion of sand on the east coast, even to pure sand or only partially mixed 
with broken coral gravel. The west or lagoon shores of the islets are almost 
entirely of sand beaches, though the sand is rather coarse and mixed with coral 
fragments in part. Near the north end of the lagoon side of the second island 
(Ngariungs) there is an area of solid coral rock, or beach sandstone, mostly of 
irregular, flat or sloping surfaces, with some un-tilted slabs or boulders. 

The ends of the islets are more rocky and have narrower beaches. The north 
ends are largely gravelly. The south ends of the second and fourth islets are 
largely rocky, that of the main islet is sandy with some rocks or gravel, and 
the south end of the third islet (Ngarapalas) is largely sandy. There is at 
least some sand at the north end of the north island. 


Kayangel Atoll apparently has a rather wet climate, with an estimated 
annual rainfall of. perhaps 150 inches. The four islets are almost entirely 
covered with vegetation. This includes about 13,000 coconut palms in the less 
than one square mile of land area, but also quite a bit of apparently natural 
vegetation. The human population in 1951 was 124, the village being on the 
main island. Coconut palms grow on ali four islets, but taro, breadfruit and 
other crops only on the main island, except for a little near the north end of 
Ngariungs Islet. The altitude above high tide water level is largely from 
three or six feet except where it is raised a few feet higher by the nests of 
megapode birds or by artificial coral-slab platforms of houses or graves. 


The main island, or Ngajangel, the northernmost, is the largest. It is 
about one and one-third miles long and about one-quarter to two-fifths of a mile 
in width, being narrower towards the south end. The pier is located near the 
middie of the lagcon side. The village extends in a double row of widely spaced 
houses along a pair of parallel avenues near the lagoon shore for about one- 
third the length of the island from a little north of the pier to the beginning 
of the south quarter, where the school and the old cemetery ere located. Near 
the pier and the cemetery there are some very large Calophyllum inophyllum 
trees with platforms of coral slabs built up around their trunks. Along the 
_ beach in the village area are some canoe sheds, including some large ones near 
the pier, and a number of small copra drying sheds. Along the beach grow 
Hibiscus tiliaceus, Barrinetonia, Messerschnidia, Scaevola, Hernandia, Thespesia 
and other common strand plants. Behind these tower coconut palms in regular 
rows, spaced about five yards apart. The palms were planted by the Germans and 
are about 60 years old and 50-60 feet tall. The trunk of most of them has an 
orange colored alga growing on the surface. The palms are apparently in good 


condition 
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condition, with fair yields. They grow almost the entire length of the west 
side of the island, except necr the north end. The east half of the island 

has some younger coconut groves, but they are mostly limited in area and do 

not reach the east coast. The remaining area is largely of mixed second growth, 
except for the cultivated areas, .and includes some very large trees (one with 
almost creamy white bark) and some rather dense growth. The north end appears 
more natural and less disturbed, and has quite a variety of plants. Pandanus 
tectorius grows along the entire east coast, as well as elsewhere, in places 
forming rather dense tangles. 


In the northcentral, broadest part of the main island are the taro beds, 
consisting almost entirely of the large false taro (Cyrtosperma chamissonis, 
"b'rock") growing in large submerged areas. Some small areas of ordinary taro 
(Colocasia _es esculenta, "ku-kao") are found nearer the village. ‘Some cassava 
(tapioca) fields are scattered in patches in yards in the village, and also 
in clearings in the eastern half of the island. Breadfruit trees and banana 
and papaya plants grow largely in the neigliborhood of the houses, but there 
are also some in scattered clearings, one even near the southeastern shore of 
the island, which is largely grow up with very tall weeds. There are a number 
of lime trees growing in the village, producing a surplus of fruit. Betel 
palms are rather scarce. A few dwarf coconut palms grow in yards in the southern 
part of the village. 


Just north of the village is the principal water supply for the community. 
It consists of a pool of slightly brackish water about three yards square, 
walled by large squared blocks of coral rock. The water is frequently at about 
the same level as high tide. Toads (Bufo marinus) introduced since the war to 
control monitor lizards (Varanus indicus), are numerous in the pool and con- 
taminate it by dying in the water or in crevices between the rocks. (The 
monitor lizards are controlled by feeding upon the toads and being killed by 
their poison glands.) The introduction was an unfortunate one, since not only 
do the toads pollute the scarce water supply, but the monitor lizards are pre- 
dators upon the coconut rhinoceros beetle, recently introduced into Kayangel. 
The introduction was made because the monitor lizards prey upon chickens, but 
the coconut palm is far more important to the Palauans than are their chickens. 
In addition to the above pool there are some smaller, less elaborate pits dug 
for water, which generally contain ae few inches of water. 


The second island, Ngariungs, is both narrower and shorter than Ngayangel. 
It likewise tapers somewhat from north to south. Just over one hundred yards 
from the north end of the islet is a shallow inlet from the east coast which 
widens in the middle of the island and reaches to within 25 yards of the western 
shore. Its floor is partly of coral rock and partly, of mud or sand, and it | 
contains a siiall amount of mangrove, probably ail that is found in the atoll. 
There is a small island (at high tide) near the western edge of the inlet. At 
low tide the deeper part forms a suall brackish lake. 


The wide northern end of Ngariungs is largely covered with rather heavy 
jungle, including some large trees of a few feet in diameter with somewhat 
buttressed trunks. - 


Among these were many vines, including Epipremnum pinnatum and Mucuna sp., 
also birds nest ferns, Asplenium nidus. Not far from the northeast corner there 
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are some small clearings in the jungle where some faise taro, tapioca and : 
squesh vines still grow, though poorly tended. At the extreme north end of the 
islet there is a small tin-roofed shelter and an oil drum which collects the 
rain water which runs down the trunk of a Pandanus plant. In the shady jungle 
nests of uegapode birds are common, some or them measuring <5 feet in diameter 
and five feet in height. They consist of sand and bits of worn coral from the 
juagle floor, after the vegetabie matter which incubated the eggs has rotted 
away. One or two old worn down nests were also seen on the main islend. The 
young birds emerged from one nest on Ngariungs between visits two ‘days apart, 
in September. The birds were frequently heard in the dense jungle. Other land 
birds seen were kingfishers (Halcyon chloris teraokai) and the morning, et ¢ 
(Colluricincla denebrosa). Several monitor lizards were seen. ‘ 
The part of Neeeinee south of the inlet has fewer cae trees, but is rather 
densely covered with ‘second growth forest. Coconut palms were limited in number 
to only about 330 grown palus, of which quite a number heve been killed and con- 
sumed by the coconut beetle, which reached this islet first, of Kayangel, about 
1946. The largest’ were just west of the inlet, and are ali lost. The jungle 
has grow up arcund most of the remaining palms, which are seriously affected 


by the beetle. This islet was inhabited by American troops just before end 


after the close of the war. 


The third pales. Ngarapalas, is again mucn smaller than Ngariungs, and is 
separated from it by much more than its ow length. It is broad at the north: 
end, where it is: largely tovered with. dense scrub jungle of rather short trees, 
sheece on the west side which is partly bare except for rows of coconut palms 
up to ten years in age. ‘This. western part consists of: coral gravel. There are 
some taller coconut palms near the center of the islet’ and around the cove on 
the east side. The eastern part of the tapering southern portion of the islet 
has some low scrub. The northern part of the east shore is of rough coral 
limestone with loose coral rocks washed up. The southern part of the east coast 
is sandy, end-here high on the beach a large sea-turtle nest was found containing 
at least 100°‘eges. Off of this beach is a large platform of rough coral rock, : 
somewhat uneven in nature, which is largely exposed at low ae and which connects 
with the last islet. 


The Sor nenmose. islet, Gorak, is much smaller than nor fe and close 
to it. Most of its northeastern half is flat and almost barren, with just a few 
shrubs and young coconut palms. Some terns and. other sea birds lay their eggs- 
among the coral pebbles and drift wood on this open erea. Triumfetta srocumbens 
and some low-lying prickly herbaceous. vines grow on this portion. Scaevola and . 
a few other plants are also present. The remainder of the-islet, roughly rounded, 
bears about 55 coconut palus mostly about,.40 feet in height, besides some younger 
ones, some of which extend north a short distance along the edge of the beach on 
the west side. Just a few other shrubs and smell trees flank the coconut palms, 
or are mixed with them. The east and south shores of the islet are covered with 
piled up coral rocks. Some floating logs from elsewhere have been washed ashore 
by storms, even to the center of the islet, which is less than-100 yards across. 
From Ngariungs, Ngerapales appears to be several times as long as Gorak because © 
it is nearer and-more fully covered with tall vegetation. WNgarapalas islet is 
owned by the chief of Kayangel, and Gorak islet by the second chief. 


The 


aie 


The northeastern end of Gorak Islet, the southwestern end of Ngarapalas 
jslet, and to a lesser extent the northwestern corner and south end of Ngariungs 
appear to have been added to since earlier maps were made, as those portions 
consist largely of coral rocks, rubble and sand. In the case of the former two 
the material is raised approximately to the general level of the islands. New 
vegetation is taking root on those situations and to some extent on the point 
extending towards the sandflats on the northwestern corner of Ngariungs, where 
the sand is also raised fairly high. The plants involved are mostly Barringtonia, 
Cocos and some creeping vines including Triumfetta. The common moth Utetheisa 
was extremely abundant on Gorak islet, presumably breeding on Messerschmidia. 


The soils of Kayangel consist largely of coarse loamy sand, sometimes 
mixed with coral gravel, but in some parts, such as much of central Ngajangel 
it consists largely of gravel, with or without a thin layer of sand or loamy 
sand on the surface. 


A small rat (Rattus exulans?) is common around stumps or in the small 
grassy areas between coconut palms on the main island. Examination of four 
stomachs showed that they fed almost entirely on copra, probably from the drying 
sheds along the lagoon beach. 


The above notes are based on visits to Kayangel Atoll during July 24-25, 
September 13-17 and November 24-25, 1951. ‘The northeastern corner of the main 
island was not seen, and its northern tip was seen only at high tide. On the 
two maps the outer reef outline and outline of main island were taken from 
A.M.S. W752 (1942, 1943) and the soundings from 64th Ing. Top. Bn. USAFCPBC 
No. 1023 (1944) based on H. O. Chart 6074. 
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